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Abstract 


A stratified charge engine employing the Texaco Controlled 
Combustion System has been operated over a large range of lodd 
conditions on iso-octane, methanol, and a wide boiling point 
(100-600°F) residual fuel. Basic performance, emissions and 
combustion parameters were measured over a range of overall 
equivalence ratios from ¢ = 0.1 - 1.0 at three engine speeds; 
1500, 2000 and 2500 RPM. The basic performance and emissions 
data were found to vary little between iso-octane and residual 
fuels, and to compare very well with similar data collected on 
the same engine design at other research facilities. The engine 
operation on methanol was not entirely satisfactory due to an 
improper match between the specific fuel injection system used 
for these experiments and the design requirements imposed by the 


much lower heating value and higher stoichiometric fuel-air 





mass ratio of methanol. 

A direct, online data acquisition system, based on a 
Digital PDP 11/10 computer was developed to obtain accurate 
pressure-crankangle data for further combustion and thermo- 
dynamic studies. The acquisition program also computes a mean 
pressure - crankangle diagram and the statistics associated 
with cycle to cycle variation. The mean pressure - crankangle 
data is then integrated to compute indicated mean effective 
pressure. The opportunity to analyze pressure - crankangle data 
in this way substantially improves the accuracy and speed of 
data collection. 

A simple thermodynamic model based on homogeneous charge 
engine combustion has been modified to compute the heat release 
and fuel fraction burnt from the pressure - crankangle data. 

The problems associated with calculation of these parameters in 
diesel or stratified charge engines are discussed. Recommendations 
are made for further development of the online data acquisition 


system and the thermodynamic model. 
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ii INTRODUCTION 


A stratified charge engine is defined as a spark ignition, 
internal combustion engine with a non-uniform fuel air mixture 
in the combustion chamber. Stratified Charge engines have been 
recognized for good fuel economy potential, low emissions and 


” 
(1) In this 


the ability to burn a wide range of fuel types. 
thesis, we analyse the performance of an engine based on the 
Texaco Controlled Combustion System (TCCS), 

Several features specific to this design make the engine 
a strong candidate for small, low power applications. Load 
control can be achieved by changing the amount of fuel in- 
jected and inlet air throttling is unnecessary in most ap- 
plications. As a result, the engine can be run at very lean 
overall equivalence ratios giving excellent fuel economy and 
low emissions. Fuel is injected late in the compression stroke 
just before the combustion process and is ignited with a spark 
discharge. The residence time at elevated temperatures is 
therefore shorter than the time for compression ignition and 
hence the engine does not display either octane or cetane require- 
ments. 

As illustrated schematically in Figure 1, the Texaco 
Controlled Combustion System uses an open combustion chamber with 
high air swirl, direct fuel injection and electronic ignition. 


Air swirl is generated by the inlet air flow, and amplified 


*Numbers in parenthesis refer to the bibliography at the end of 
this paper. 
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during the compression stroke by constraining the vortex in 
the combustion chamber. The combustion chamber is essentially 
a cup with a cylindrical upper section and a toroidal bottom 
formed in the head of the piston. Fuel is injected with a 
Roosa Master Pencil Nozzle with a flat seat and a single hole 
orifice as shown in Figure 2. The positive ignition system 
uses a high energy multiple spark unit with controlled Pieacion) <2 
The spark plug electrodes are carefully aligned to promote the 
formation of a stable flame front. 

High pressure injection of fuel into the swirling air 
begins near the end of the compression stroke. Air swirl in 
the combustion chamber promotes mixing and controls the pene- 
tration and trajectory of the fuel spray in the cup. The com- 
bustible fuel-air mixture formed by turbulent mixing and air 
entrainment in the fuel jet is then ignited by the long duration 
spark discharge and burns downstream of the spark plug as shown 
imepreure 3. 
Following B.C. pe? we divide the combustion process 
into three stages; a rapid combustion phase controlled by the in- 
jection rate and a slower "burn up" phase which is controlled by 
the rate on air entrainment and mixing of burning products and 
air downstream of the spark plug, and a heat transfer dominated phase 
which follows after mixing is complete. This sequence is illustrated 


on the diagram shown in Figure 4. During an isentropi¢ compres— 


sion or expansion of an ideal gas the value of pv’ remains 
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constant. After a delay covering the jet transit time for the 
injector to the flame front, the value of PV’ rises rapidly, 
This rapid combustion phase appears to be controlled by the in- 
jection rate. After the last fuel injected passes the spark 
plug, the rate of change of pv’ is substantially slower and the 
rise is controlled by the rate of mixing of the plume of rich 
products with the surrounding air and residual gas. This 

phase ends when all mixing is complete or the exhaust valve 
opens. Any fall in the pv’ curve prior to the exhaust valve 
opening can be attributed to heat losses. 

This research project is a part of a larger program which 
includes work on a jet mixing model, a performance model and 
photographic studies with a rapid compression machine 
The following areas of research are covered in this thesis; 

(1) The completion of the engine test setup and the 
development of all necessary instrumentation to 


record the variables of interest. 


(2) TCCS engine performance and emissions are pre- 
sented for the three test fuels over a wide 
range of operating conditions. Differences in 


fuel characteristics are also presented. 


(3) The problems associated with heat release cal- 


culations in stratified charge and diesel engines 





(4) 


(5) 


ao 


reviewed, with the further development of an 
existing thermodynamic model to predict heat 


release and mass fraction of fuel burnt outlined. 


Log P vs Log V diagrams and plots summarizing the 
output of the thermodynamic model are presented 


for a matrix of comparable test data, 


The development of computer programs to process 
raw data and accomplish online pressure data 
acquisition, along with listings of all computer 


programs are included as appendixes. 
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Il TEST ENGINE AND INSTRUMENTATION 


Sinaele Cylinder Test Engine 


The engine used in these experiments is located in the 
Sloan Automotive Laboratory at MIT, and is arranged as shown 
in Figure 5 . The single cylinder test engine is based on a 
CFR - 48 crankcase that has been modified to accept a cylinder 
sleeve assembly, head, piston, crankshaft and overhead ee and 
valve train assembly for the 3 7/8 inch bore by 3 7/8 inch 
stroke LIS - 183 TCCS geometry, as shown in Figure 6. 

Engine specifications and dimensions are shown in Table l. The 
engine is coupled to a dynamatic eddy current dynamometer 
equipped with a hydraulic scale, as shown in Figure 7 . The 
basic instrumentation is listed in Table 3 and whenever possible 
redundant measurements have been introduced to provide alternate 
data sources and to qualify experimental results. 

The basic engine support facilities were constructed by 
Teeewier NS and follow standard practices as shown in Figures 8 
through 11. The engine cooling system is arranged to enable 
heat rejection measurements. A  rotameter and throttling valve 
on the return line from the engine allows both flow regulation 
and measurement while holding system pressure above 5 psig, as 
shown in Figure 8. Maximum water temperature at the engine cy- 


linder outlet was held at 190 ig ia The lubrication 
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system shown in Figure 9 consists of two separate loops; a low 
pressure circulating loop for temperature control and a high 
pressure bearing feed and filter loop. The operating oil temp- 
erature and pressure were held at 165°F and 42 psig respectively. 
A pressure alarm incorporated in the filter system activates a 
siren and cuts off the fuel supply and ignition system when 
pressure falls below 20 psig. Inlet air flow is measured with 
an ASME square edge orifice with flange taps and water manometers 
as shown in Figure 10. Following recommendations made by 
Lazarewicz, the inlet and exhaust systems were rebuilt and the 
inlet settling tank and air heater were closely coupled to the 


engine with a short inlet pipe. 


Injection and Ignition systems: 


Fuel system specifications appear in Table 3 and fuel flow 
is measured gravimetrically as shown in Figure ll. Transfer 
pump pressure is held at 25 psig fuel injector leakoff and 
the injector pump bleed are returned to the fuel reservoir mounted 
on a standard laboratory scale. 

Dea te Lots and injection timing, intensity and duration 
are monitored with a 565 Techtronix Oscilloscope. Ignition timing 
can be precisely set by a means of a vernier scale and adjustment 
arm. Injection timing is varied through the use of an American 


Bosch TMB - 12 Manual Timing mechanism. A pressure transducer 





Gs 


is mounted just ahead of the fuel injector in the high pressure 
supply line and the Needle Lift Indicator shown in Figure 12 
has been developed to replace the standard fuel injector needle 


( Both 


lift and cracking pressure adjustment assembly 
outputs are displayed on the oscilloscope cathode ray tube 

along with the cylinder pressure crankangle markers and BDC 
reference pulse as indicated in Figure 13. As presently de- 
signed, resolution of fuel injector timing is limited to 2 ca° 
by the time base necessary to include one entire revolution on 
the CRI display. The first peak in the pressure trace cor- 
responds to the point of initial needle lift, however; as in- 
dicated by the needle lift trace, the injector does not open ap- 
preciably for about 2 CA°. Determination of injector cutoff and 
any secondary injection is only possible with the Needle Lift 
Indicator. Substantial signal processing problems pecur with the 


linear displacement amplifier and a new design is 


recommended. 


Emission Sampling System: 


Engine emissions are measured using the Sloan Laboratory 
Exhaust Gas Analysis Cart (Table 3). The exhaust sample is re- 
moved from an engine exhaust tank consisting of several cylinder 
volumes and pulled through a heated teflon line and filter to the 


Gas Analysis Cart. Stainless steel pipe is used between the 
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engine and exhaust surge tank to reduce the potential for 
hydrocarbon reactions induced by "rust" and the elevated 
temperatures of the exhaust flow. An additional spun glass 
particle filter was installed in the sampling line when it was 
discovered that at high loads and equivalence ratios near $ = 1.0, 
the gas analysis equipment was severely contaminated with carbon. 
This technique appears to have solved this immediate problem. 

The development of a computer program to calculate basic 
engine performance and emissions from the recorded data is 
described in Appendix I with the complete program listing in 


Appendix III. 


Pressure Volume Measurement: 

Accurate combustion pressure and volume measurements are 
absolutely required for mathematical engine simulation, cal- 
culation of heat release rates, engine pumping losses and the 
compiliatimof statistics associated with cyclic variations and 
peak pressures. Acceptable pressure volume records can only be 
obtained when the entire monitoring system receives careful 
attention. First, high resolution signal recording equipment is re- 
quired if the effort expended to obtain accurate pressure and volume 
measurements is to be worthwhile. Oscilloscopes were used in these 
experiments for qualitative analysis but they lack the accuracy 
required for quantitative resolution. The real time digital 


computer with analog to digital converters can provide the 
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resolution necessary; and for these experiments, an online 
digital data acquisition was developed for Sloan Laboratory 

PDP 11 Computer Facility. The analog to digital converter 
provides resolution to within 0.48 psi over a range of 00-1000 psia, 
well in excess of current engine pressure transducer performance 
as described in following paragraphs. The sampling intervals 
were 5 CA’. Appendix II provides details of the system hard- 
ware and the development of the software used for online 
computer sampling. Appendix III contains a listing of the 
pressure-crankangle data management program and the assembly 
language program that actually performs the data acquisition. 

In these experiments the cylinder head geometry prevented 
the use of a large diaphragm, water cooled pressure transducer 
and a Kistler 609A piezoelectric pressure transducer was chosen. 
Considerable experimental art is required to obtain acceptable 
performance from available pressure measuring equipment, in- 
cluding this specific unit. For example, quartz piezoelectric 
transducers are high impedance devices and contamination of the 
electrical connectors can significantly degrade performance. All 
connections must be thoroughly cleaned with a freon base solvent 
and sealed with heat shrink tubing. Transducers are also subject 
to the thermal cycling that is fundamental to the combustion 


process in engines. In a chopped flame test by Jain and 


= 





EQ 
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Lazarewicz , the 609A transducer showed an apparent 6 psi 
response when directly exposed to an acetylene flame at typical 
engine frequencies. This response was reduced with a coated 
diaphragm and a thin coating of silicone rubber was applied as 


Son Pe The transducer was in- 


recommended in the literature 
stalled in a recessed adapter inserted through the water jacket 
of the cylinder head. The.adapter cavity is designed to 
minimize attenuation and protect the transducer from engine 
temperature fluctuations. The engine coolant also serves to cool 
the transducer. 

Careful preparation of the transducer is wasted if the cylinder 
volume is not known with similar accuracy. The cylinder volume 
is computed from engine dimensions and recorded crankangle data. 
Cylinder clearance volumes were determined by careful measure- 
ment of pertinent engine dimensions. The piston top dead center 
was located and the flywheel position pointer adjusted with a 


Gy 


depth micrometer as recommended by Lancaster A crankshaft 
driven rotary pulse generator, supplying 720 pulses plus a marker 
every revolution was then aligned with the flywheel with an 
accuracy of approximately 1/4 degree. The alignment was tested 

by analyzing pressure crankangle diagrams and Log P =- Log V plots 
of motoring runs as shown in Figures 14, 15 and 16 . Lancaster 
provides a detailed explanation and interpretation of the plot 


CL) 


orientations P 
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A clamped disk balanced pressure indicator was also 
mounted through the engine water jacket to provide a technique 
for dynamic calibration for the cylinder pressure transducer. 
The balance pressure indicator is a pressure activated switch 
with a reference pressure applied to one side of a thin membrane 
disk and the cylinder pressure to the other. The balanced 
pressure indicator is connected to the oscilloscope display as 
shown in Figure 1/7. When the cylinder pressure rises above the 
reference pressure plus the disk contact pressure, the disk is 
deflected to ground the center electrode. The change in potential 
is converted by the cathode ray tube grid modulator to momentary 
changes in signal intensity on the oscilloscope display as shown 
in Figure 13. These pulses are then used to dynamically 


calibrate the signal from the piezoelectric transducer. 





—2 


ITI BASIC PERFORMANCE AND EMISSIONS 


The multifuel capability of the TCCS engine was in- 
vestigated using methanol, iso~-octane and a wide boiling 
point (100-600°F) fuel. Properties of these test fuels are 
summarized in Table 4. Performance and emissions data in 
Figures 18 through 39 represents engine operation over the range 
of fuel-air ratios and engine loads summarized in Table 5. The 
engine was naturally aspirated and exhausted to ambinet pres- 
Sure throughout the test series. All performance data was 
measured with injection timing set for maximum brake torque 
and ignition system timing set to commence 2 Cae prior to the 
start of injection. The injection duration exceeded the ig- 
nition duration of 20 CA® except at light load. The overall 
equivalence ratio was used as the absissa in Figures 18 through 
38. The equivalence ratio was determined using two techniques; 
a) the measured fuel and air flow and b) calculated from the 


(8) 


exhaust gas composition using the method of Stivender Data 
was considered reliable when the difference between these two 
values was less than 0.025. A deviation greater than this was 
always traced to operator error, air leaks or faulty equipment. 
The engine was not operated at fuel air ratios above stoichio- 


metric. Previous experience with this engine has shown that any 


performance gain above > = 1.0 are achieved with substantially 
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(3) 


increased hydrocarbons, CO and degraded fuel economy 


Engine Performance with Iso-Octane and Wide Boiling 
Point Fuel: 


The indicated mean effective pressure (IMEP) versus 
equivalence ratio for iso-octane and the 100-600, wide boiling 
point fuel are shown in Figures 18 and 19. The maximum IMEP 
is not developed, with either fuel, in the range of equivalence 
ratios shown; rather, the effective upper limits for engine 
operation are determined by a “smoke limit" near ¢ = 1.0. In 
addition, there is a distinct flattening of the power curve near 
stoichiometric conditions. The secondary dependence on RPM 
exhibited by the IMEP curves can be traced to several factors. 
The volumetric efficiency increases with speed in the range 
tested as shown in Figure 39. py plots also show a slight de- 
crease in heat transfer with increasing speed during the heat 
transfer dominated phase of combustion. As will be discusses in 
the following chapter, the burning angle appears to decrease 
slightly with increasing RPM, and this would also serve to in- 
crease the IMEP. The data for iso-octane and 100-600 split 
differently with speed. Similar results have been observed by 


(9) 


Texaco This difference cannot be satisfactorily explained 
with the basic data comparison presented in this thesis and ad- 


ditional study to resolve this potential conflict is recommended. 


The indicated specific fuel consumption (ISFC) is shown for 
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iso-octane in Figure 20 and for 100-600 in Figure 21. The 
data sets are of similar character with a clear minimum at an 
equivalence ratio near ¢ = 0.3 and a steep rise at leaner 
equivalence ratios. This rise in ISFC at lean fuel air ratios 
is accompanied by increased cyclic variations and incomplete 
combustion; and appears to be a characteristic of the fuel 
injection system used with this engine. 

The indicated thermal efficiency (7. ) provides the best 
comparison of the actual combustion process since it properly 
accounts for the different heating values of the three fuels 
used in these experiments. The indicated thermal efficiency is 
equal to the reciprocal of the ISFC x lower heating value and 
the indicated thermal efficiencyis equivalent for engine 
operation on both fuels, with a miximum value of approximately 
50% reached near $ = 0.3 as shown in Figures 22 and 23. 

The volumetric efficiency (7..) changes with load to re- 
flect changes in the quantity, composition and state of the 
residual gas in the combustion chamber as shown in Figures 22 
and 23. The effect of engine speed is shown in Figures 22, 23 
and 39. The effect of load is shown in brackets on Figure 39. 

The exhaust temperature data follows the same trends as 
described for the IMEP data as shown in Figures 24 and 25. 


The friction mean effective pressure (FMEP) versus RPM 
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for the single cylinder test engine is shown in Figure 39. This 
data is representative and the actual FMEP showed little variation 


throughout the test series. 


Emissions with Iso-Octane and Wide Boiling Point Fuel: 


The TCCS concept is designed to burn the fuel immediately 
after injection in a fuel rich, mixing controlled plume in 
order to achieve multifuel capability and low emissions. [In the 
course of these experiments, it was consistently observed that 
emissions, particularly hydrocarbon and carbon monoxide , are 
more sensitive to small variations in engine operating conditions 
than the basic performance data. Careful system timing is re- 
quired to obtain satisfactory emissions levels and the convention 
adopted places the start of ignition immediately ahead of in- 
jection. However, if timing is adjusted so that fuel injection 
preceeds ignition higher IMEP levels are achieved with a cor- 
responding significant increase in hydrocarbon emissions at 
equivalence ratios of 9¢> 0.6. This system sensitivity is thought 
to be the source for data scatter at high load conditions and all 
lines were drawn using a least square regression analysis 
technique. 

The increased cyclic variations and degraded emissions 
observed at very low load test conditions are thought to be 


caused by an injection - ignition system phenomena. Two 
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potential mechanisms for cyclic variations are advanced. High 
speed movies of TCCS combustion in a Rapid Compression Machine 


show that the ignition arc discharge time is short compared 


Eon the sm arc cycle aoe 


This ignition characteristic 
suggests that the initial fuel jet may pass the spark plug in 
the interval between ignition pulses and a stable flame front 
may not be formed in the leading edge of the fuel jet. This 
mechanism introduces the possibility of cycle variation in 

the initial stages of combustion. At light load conditions 
the injection duration is less than the ignition duration, and 
with small injection quantities, the unburnt fuel vapor that 
passes the electrodes before a stable flame front is formed can 
rapidly mix to a fuel air ratio below the limit of combustion. 
This mechanism may partially account for the degradation of 
hydrocarbon emissions at low load. 

A second possible mechanism is traced to fuel injector 
characteristics. As indicated in Figure 13, needle lift is not 
always crisp and there is often a 2 oe period at the start of 
injection when the needle opens only a small amount. This 
starting transcient may have substantially influenced the 
initial stages of fuel jet formation. As shown by Jain, a low 
momentum jet would be swept outside of the electrode radius by 
air swirl. The percentage of fuel vapor missing the plug 


electrodes would increase for light load conditions with the 


On 
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smaller fuel quantities required. As in the previous case, this 
phenomenon introduces a mechanism for cycle variation and 
hydrocarbon and CO formation in the combustion chamber. 

Carbon monoxide emissions are shown in Figure 26 for iso- 
octane and in Figure 27 for 100-600. The lowest CO levels are 
obtained at an equivalence ratio near > = 0.45. The CO levels 
observed with iso-octane are approximately 50% lower than observed 
with 100-600 at a given equivalence ratio. The mean minimum 
value observed with iso-octane 4 gr/ihp-hr or 3.5 gr/ihp-hr 
less than that observed with 100-600. 

The hydrocarbon emissions show a sharp increase at equiva- 
lence ratios less than ¢ = 0.3 for both fuels, as seen in Figures 
28 and 29. This sharp rise is accompanied by increased cyclic 
variations which are attributed to the injection and ignition dynamic 
effects discussed previously. A small rise in HC emissions is also 
observed near stoichiometric equivalence ratios. 

Nitric oxide emissions are shown in Figures 30 and 31. The 
trends indicated by the data have the same characteristic shape 
as demonstrated in homogeneous charge spark ignition engines; 
however, the peak occurs near an overall equivalence ratio of 
$6 = 0.6 whereas in a homogeneous charge engine the measured levels 
are generally higher and the maximum level occurs near stoichio- 


metric fuel-air ratios. 
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Methanol Performance and Emissions: 

Methanol was chosen as the third test fuel because it 
represented a severe test of TCCS multifuel capability. The 
fuel properties of methanol are significantly different from 
iso-octane or the wide boiling point fuel. Methanol has a 
much lower specific heating value and a higher stoichiometric 
air-fuel ratio and thus requires injection quantities nearly 
twice as large to achieve the same equivalence ratio. A 
Bosch injection system was used in these tests and the pump and 
nozzle geometry were selected for the reference fuels. No 
attempt was made to modify the pump or nozzle for the methanol 
experiments. As a result, the fuel system was operated off 
design. 

The performance and emissions data for methanol are pre- 
sented in Figures 32 through 38. Since the fuel system was not 
optimized for this fuel, wide scatter in emissions data was 
observed. The basic performance plots in Figures 32 through 35 
show the trends to be expected with a properly matched fuel in- 
fection System. Figure 32 showing IMEP data exhibits no 
sensitivity to RPM; however, "misfire" increased with higher 
RPM at high load conditions. The indicated specific fuel con- 
sumption, volumetric efficiency, and thermal efficiency data, as 


shown in Figures 33 and 34 has trends very similar to the 
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corresponding trends observed with oso-octane and 100-600 fuel. 
The indicated thermal efficency (7. ) is almost identical to 
Figures 22 and 23; the maximum value of approximately 50% occurs 
at an equivalence ratio near > = 0.3. This demonstrates that 
the Texaco controlled combustion process is compatible with 
alcohol fuels; however, fuel system modifications are necessary 


to properly match the engine with this fuel type. 


Comparison of M.I.T. and Texaco Data 


The single cylinder engine emissions and performance data 
compare favorably with the TCCS engine data observed at the 


(9) The maximum IMEP 


Texaco Engine Development Laboratory 
observed at MIT with 100-600 fuel exceeded the values observed 
at Texaco by nearly 5% at a given equivalence ratio. The two 
engines exhibited identical values of volumetric efficiency at 
each given operating point. Comparative plots by Lazarewicz 
showed good agreemert with all emissions data except hydrocarbon 


(5). 


emissions In these experiments, the level of hydrocarbon 


| 
emissions observed was considerably reduced when compared to 
values obtained by Lazarewics; however,the level is still higher 
than observed at Texaco. This difference in HC levels can be 
explained by the different sampling techniques used at the two 
facilities. The Texaco data was acquired in bag samples before 


analysis, while at the Sloan Laboratory a heated teflon line is 


used to sample directly from the exhaust tank. The heated 
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sampling line used at MIT eliminates the potential for con- 
densation of hydrocarbons, and in general, higher hydro carbon 


levels are measured in experiments with a heated sampling line. 
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IV ANALYSIS OF PRESSURE VOLUME DATA 


Accurate records of cylinder pressure-volume data are an 
important tool for evaluating performance. The indicated mean 
effective pressure and pumping mean effective pressure can be 
computed by integrating the average pressure-volume diagram. 

In addition, logarithmetic plots of P, V data provide estimates 
of the combustion delay time, the duration of effective heat 
release, and the ratio of specific heats, y, during the 
isentropic compression and expansion phases. Finally, pressure- 
volume data is required as an input for the thermodynamic models 


used to compute heat release and fuel burning rates. 


Logarithmetic Pressure Volume Diagrams: 


A matrix of comparable test data for engine operation on 
iso-octane and 100-600 is presented in Table 6 and logarithmetic 
P-V diagrams are shown in Figures 40 through 57. When pressure- 
volume data is plotted on a logarithmetic diagram, the isen- 
tropic portions of the compression and expansion process appear 
as straight lines. The slope of the linear segments is equal to 
(-1) .y, where y is the ratio of specific heats. The beginning 
and end of combustion are marked by a departure from and return 
to the straight isentropic compression and expansion lines; 


Since the effect of combustion is equivalent to heat being added 
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with a consequent change in y. These points are indicated in 
Table 6. The apparent burning time for the iso-octane and 
100-600 fuels is nearly the same and decreases with increasing 
RPM. The apparent average burning time is 5.2 ms at 1500 RPM, 
3.5 ms at 2000 RPM and 2.7 ms at 2500 RPM. Decreases in 
engine load only slightly decrease the time required for 
burning. 

The combustion delay time can be determined if the start 
of injection is known. The injection is tabulated in Table 6 
and indicated in each figure. In previous work. this delay has 
been attributed to the required jet transit time of the fuel 
from the injector to the stable flame front established at the 


(3). 


spark plug electrodes However, as shown in Table 6 the fuel 
used also influences the delay time. This indicates droplet 
evaporation rates may also influence the combustion process. 

The small dip in the log P log V diagrams during the injection 
period also indicates the effects of fuel vaporization and this 


dip is more pronounced when the engine is operated on iso-octane 


due to its higher latent heat of vaporization. 


Heat Release Calculations: 

The rate of fuel burning is a basic parameter in most 
engine models and techniques for calculating fuel burning rates 
from engine pressure data have received considerable attention. 


Our understanding of combustion in homogeneous fuel air mixtures 
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is well developed; however, the increased complexity of 
heterogeneous charge engine combustion precludes a strictly 
thermodynamic solution which does not account for mixing in the 
combustion chamber. This statement applies to both stratified 
charge and diesel engines and most of the previous 

work has been done with diesel combustion systems. Until 
recently, efforts to predict heat release rates in a diesel 
engine were highly empirical. Lyn has developed relationships 
to predict heat release rates in an open chamber diesel based 

on the fuel injection eee Borman and Kreigher have 
developed a thermodynamic model to predict burning rates from 
diesel engine pressure eee In the Borman model, the fuel 
was assumed to be homogeneously mixed at each time step. This 
assumption implies very lean equivalence ratios at the start 

of injection which increase to the overall equivalence ratio. 
This is physically inconsistent since mixing considerations of 
the fuel jet imply initially rich combustion followed by pro- 
gressive mixing down to the final lean overall equivalence ratio. 
Still other investigations have assumed micro mixtures of 
burning droplets in which all combustion takes place at stoichio- 
metric Pofideracions =. The TCCS performance model developed 
by Jain assumed that burning took place at equivalence ratios 


determined by jet mixing and air entrainment and used a specified 


constant equivalence ratio for the burnt products during its 
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rapid combustion phase - These assumptions are critical and 
control the shape of the burning rate diagram computed from 
pressure-volume data. 

The thermodynamic model used in these experiments to predict 
the cumulative mass of fuel burnt from pressure-volume data is 
an extension of the two zone homogeneous charge combustion model 
as outlined below. The closed system is defined as all air, 
residual gas and fuel vapor in the cylinder prior to ingition. 


The mass conservation equation can be written as: 


v= v/M = XV 


laa 4.1 
b u 


ema the first law as: 


e = (E -W-Q)/M = xe, + (l-x)e “2 
Oo u 


b 
where 
x = charge mass burnt/total charge mass 
E = total energy of the charge at time A 
M = the total charge mass, air + fuel + residual gas 
Q = the cumulative heat since CS 
v = the combustion chamber volume 
W = the work done since tS 


e = the average specific energy 
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v = the average specific internal energies 
e,,@ = the appropriate average specific volumes 


Viv, = the appropriate average specific internal energies 


Subscripts: 
b refer to the burnt zone 


u refer to the unburnt zone 


Further more at a given equivalence ratio $6; 


ice (PE) 4.3 
u u u 
- _- (P,T,) 4.4 
ee vir b 
eue=ce  (P,T ) 4.5 
u u u 
ere (PT) 4.6 
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the cylinder pressure 
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the appropriate average zone temperatures. 


Assuming the unburnt zone undergoes adiabatic quasistatic 


compression and expansion, Ty is calculated from; 


dh 


oT s ats 
2b ye - GS), 1 4.7 


S 
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Equations 4.1 and 4.2 can be combined to eliminate x, qT, is 


then found by iterative technique. Once qT, is known, x, 
the mass fraction burnt can then be calculated from either 4.1 
or 4.2. 

This model has been expanded by Martin for use in a 
heterogeneous charge engine. The burnt zone is considered as 
burnt products + residual gas uniformly mixed at an externally 


designated equivalence ratio $, at each time step. The unburnt 


b 
zone is divided into two components; unburnt air + residual gas, 
and the injected but unburnt fuel vapor. Heterogeneous com- 

bustion models require a relationship between the fuel fraction 
burnt and the charge mass burnt since combustion takes place at 


other than the overall equivalence ratios. The following ratios 


can be defined: 


unburnt fuel mass/charge mass 


ke 
ll 


z = fuel mass burnt/total fuel mass 


The equation for specific volume and specific energy of the un- 


burnt zones are then written as: 


et (l=x-y))v )/ (1=x) 4.8 
s = (yes + (1-x~y) e _)/(1-x) 4.9 


a 
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Equations for y and z are then expressed in dimensionless ratios. 


rar) “pt * ; 
1+ RF¢ + (1-R) Fo, 
= aoe x 4.11 
> (1+RFO + (1-R)F9, ) 
where 
> = the burnt zone equivalence ratio at time t 
> = the average overall equivalence ratio at time t 
F = the stoichiometric fuel-air ratio 
R = the residual fraction 


The computational procedures used to solve for x is the same 
as in the homogeneous charge model; and z can then be found with 
Eauation 4.11; however, particular attention must be paid to the 


change in o and >. with time. The overall equivalence ratio only 
varies during the injection process, and its change is directly 
related to the fuel injected in each time step. But it will be 
shown that proper selection of the burnt zone equivalence ratio 
is not straightforward. 

As originally developed by Martin, the modified model as- 
sumed a constant unburnt equivalence ratio equal the final over- 
all equivalence ratio and that fuel burned immediately upon in- 
(4) 


jection Early efforts to use the model in this form with >. 


held constant predicted a slow start of combustion prior to 
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the actual rapid combustion phase, and a final burnt fuel 

fraction greater than one. The model has been refined by in- 
cluding the variations in unburnt equivalence ratio during 
injection, and by assuming that the injected but unburnt fuel can be 
treated as fuel vapor. Procedures for allowing the burnt zone 
equivalence ratio to change with time have also been included 

in the computer program. 

Sensitivity of the thermodynamic model to >, is shown in 
Figure 58. These computations assume no mixing, and the burnt 
gas equivalence ratio >, is held constant. The computations are 
based on pressure-volume data and on overall equivalence 
matio of b = 0.45 at 1500 RPM. Four values of o are shown, the 
overall average equivalence ratio, stoichiometric and two rich 
mixtures. When burning is assumed to take place at the overall 
equivalence ratio > = 0.45, the fuel fraction burnt does not 
reach 1.0 and the burning time is much larger than predicted 
by the log P - log V diagram. This homogeneous premixed case is 
clearly one limiting example. With either rich or stoichiometric 
burnt gas equivalence ratio, the rapid combustion phase does not 
significantly vary, however, the curves diverge widely and exceed 
a value of unity during the mixing controlled combustion. 

During this period, the mixing rates and burning rates are 


comparable, by definition,and a mixing model is clearly needed 
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to account for the change in e, due to air entrainment by the 
burning plume if the mass burned is to be correctly related to 
the physical processes in the engine: 

The fuel-air mixtures in the combustion chamber is hetero- 
geneous, and combustion is not limited, a priori to any single 
equivalence ratio at a given time, the burnt and unburned gases 
may continually mix throughout the combustion process. As 
already noted the choice of > for each time step during the 
mixing controlled combustion phase is important and an accurate 
entrainment model is required. The air entrainment model pro- 
posed by Blizard and Keck and developed for the TCCS engine by 
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Jain is used to calculate the mass burned for the same PV 
data used in the sensitivity study as shown in Figure 59. En- 
trainment rates predicted by this model were high and the over- 
all equivalence ratio was reached in 15 On introducing an 
unrealistic dip in the mass fraction burnt curve. As indicated 
by the two previous examples, the calculation of burning rates 
in a stratified charhe engine requires additional development 
to include mixing before plausible results will be obtained. 

We postulate that a model developed to predict NO may serve as 
a tool to aid in untangling the mixing phenomena. The mechanisms 
of NO formation in homogeneous charge engines are relatively 


(14) 


well understood ; and the extension of a homogeneous model to 
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stratified charge engines appears to be plausible. 


py! Results 


An examination of the value of py! 


just before, during and 
after combustion gives a very good idea of the net heat input 

or output to the working fluid due to heat release as a result 

of chemical reaction and/or heat eee Figure 60 is a plot 

of py" for the same pressure time data as analyzed in Figures 

58 and 59. The cylinder pressure and volume at the start of 
injection is used as the reference Oo ee The values of the 
specific heat ratio before and after combustion were determined 
from Figure 41. The solid line represents heat release at 
constant ee while the dashed line represents heat release at Yh: 
When the end boundary conditions are applied, namely that the 
process must start as unburnt and end with its maximum coinci- 
dent with the burnt maximum, the lines define a very narrow 
region within which the true heat release curve must fall. The 
dotted line represents the results of the thermodynamic program 
discussed in the last section with the burnt products equivalence 
ratio held at stoichiometric. The rise of this line above the 
peak value evident in the burnt curve is explained by the rise 

in the value of fuel mass fraction burnt in Figure 58 to greater 


fan 1.0. 


Several conclusions can be drawn from plots of this nature. 
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The dip in the unburnt curve during the injection period pro- 
vides further evidence of fuel vaporization, a fact also dis- 
cussed in the section covering logarithmetic data plots. If the 
above curves are normalized using the maximum difference in 

burnt and unburnt curves, a line starting as unburnt and changing 
to the burnt curve near TDC closely approximates the actual 
cumulative fuel fraction burnt curve. Pv’ plots with y de- 
termined from log P, log V plots can be used to qualify results 
from a more complete thermodynamic analysis. Note that when 
normalized PV’ curves are compared to the results of the 

Figure 58, only the fuel fraction burnt curves in which 0.95 < o.< ee 
during the rapid combustion phase fall within the defined 
boundary region. 

The method discussed above can, with careful normalization, 
provide a very good estimate of cumulative heat release. These 
estimates can, by comparison with data from detailed thermo- 
dynamic, be used to qualify assumptions made in the necessary 


mixing models. 





me 


V CONCLUSIONS AND RECOMMENDATIONS 


The multifuel capability of the TCCS concept has been 
demonstrated by tests with iso-octane, a wide boiling 
point fuel and methanol. The thermal efficiency of the 
engine is independent of the fuel used. However, proper 
matching of the fuel injection system is required to 


achieve satisfactory exhaust emissions levels. 


The limits on engine operating range are determined 
by hydrocarbon and CO emissions. The equivalence ratio 
upper limit is determined by a "smoke limit" near stoichio- 
metric and the lower limit near $¢ = 0.3 is determined by 


cyclic variations and high hydrocarbon emissions. 


Detailed emissions data has been acquired for the 
three test fuels. Emissions with iso-octane and the wide 
boiling point fuel exhibit similar trends and compares 


favorably with previous available data. 


Further research is required to explain the effects of 
RPM and different fuel types on indicated mean effective 


pressure at high load conditions with the TCCS systen. 
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Techniques for obtaining online digital data with a 
small laboratory computer have been demonstrated. The 
pressure-volume data obtained has been shown to be suf- 


ficiently accurate for use in performance models. 


It has been shown that accurate pressure-volume data 
can be used to provide a good estimate of cumulative heat 


release through the use of logarithmetic and py" piles - 


The problems involved in predicting heat release rates 
have been discussed and the importance of mixing in diesel 
and stratified charge combustion clearly demonstrated. A 
detailed thermodynamic analysis of burning rates will 
require better modelling, both for the mixing of the fuel jet 
with air before it is entrained in the flame front and for 


the entrainment of air by the burning plume. 


It is recommended that a NO. prediction model be 
developed for this engine. This model will aid in under- 
standing the role of mixing in stratified charge combustion 
and can be used to qualify mixing models developed for heat 


release calculations. 





aoe 


Parametric studies involving off design operation are 
required to explain the sensitivity of hydrocarbon emissions 


to small variations in injection and ignition phasing. 
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APPENDIX I 


PERFORMANCE AND EMISSIONS DATA REDUCTION PROGRAM 


An interactive data reduction program was written for the 
Sloan Laboratory PDP 11/10 data analysis facility. The program 
consists primarily of I/0 and is designed specifically for the 
TCCS engine; however, modifications for other single cylinder 
engines are possible. All inputs are requested in the same units 
that are used on the experimental data sheet. Equations used to 
compute air flow rate in grams/second, coolant flow rate, vol- 
umetric efficiency, brake horsepower, and engine emissions require 


clarification. 


Air Flow: 
The equation for the flow rate of air through the ASME square 
edged orifice meter with flange taps is given by the following 


equation (|5). 


2 a 
W = 51.94 D> KYY= Gy op 
a 


w = mass flow rate grams/second 

P, = orifice diameter inches 

K = flow coefficient 

Y = expansion factor 

P_ = static pressure before orifice in in. Hg 


au eae 0 
T, = temperature before orifice R 
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G = specific gravity of gas 
y = super compressibility factor 
p = pressure drop across orifice in in. H.0 


Z 


The computer form of this equation will work with two orifice 
diameters D, = 0.515 and D, = 0.71. The program assumes the 


following variable values: 


We me Ap 


Ys 
2 1+w 
Cet - © bees (T41. 608w. 
yi= | 


The maximum and minimum Reynolds number can be written as 


functions of Y and D., with Ny = 0.85, RPM Max = 3000 RPM 


Min = 1000, and inlet air temperature = 90°F 


yy G7 2 68701.3 
Re . = -— Re = 
min D, Max dD, 


and appropriate values of K as a function of dD. determined 


0.0366 


K = 076252 D, 


Coolant Flow Rates: 

The equation for coolant flow rates was determined by linear 
regression analysis of calibration data points. 46°F water was 
used and a density correction was applied to obtain the least 


Squared curve fit given below, good at 175° F. 
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m = 0.0479 (h) - 0.0081 
r = 0.994 

m = lbm/sec 

h = rotameter height 

r = goodness of fit 


wowumetric Efficiency: 


The engine volumetric efficiency is strictly a function of 


engine dimensions and operating conditions as shown below: 


/ 8G) 
i tt 
GTR) 
m = air flow rate in lbm/min 
N = revolutions/min 
P_ = inlet air pressure 
V = cylinder volume 
R = specific gas constant 
T. = inlet air temperature 


i 


after the inclusion of engine geometry and unit conversions 


3.TDTm (T_+460) 
7 ee eich  n 
Vv N{0.0193 ieee - 0.361 Pl 
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Engine Power Output: 


The mean effective pressure and horsepower are determined 


from the following equations (16). 


E mep LAN 
66000 
_ NAh 
hp = xX 


After including specific engine geometry and an overall 


dynamometer constant of K = 6000 


mep = 2.88847Ah 
_ NAh 
hp = 6000 


where 
A = area of engine piston, in. 
L = stroke, ft. 
N = engine RPM 
mep = mean effective pressure, psi. 


Ah = dynamometer scale height, in Hg. 


Specific Emissions: 


The average exhaust composition is a function of the 
equivalence ratio. A model developed by Stivender (8) is used 
to determine the exhaust based equivalence ratio as a check of 
the equivalence ratio measured from inlet flow rates; and to 


compute the engine emissions in grams of pollutant/indicated 
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horsepower hour. Required inputs are the indicated specific 
fuel consumption (ISFC), emissions concentrations on a volume 
basis and the fuel carbon:hydrogen ratio. The model as pre- 
sented does not apply to alcohol fuels and a method presented by 
Spindt (7) was used for the methanol experiments. 

The model fits one undetermined equilibrium constant for the 


water-gas reduction to direct measurements: 


[HO] [Co] 


kK2-==> C= 
(CO,] (H,] 


The combustion reaction for a typical hydrocarbon fuel with air 


may be expressed in the following form: 


oes + (n) 0, = (3.76n)N, + (a) co, + (l-a-6c) CO + 


+(b) H,0 + (c) CoH + (d) NO > (y/2-b-Te)H, -- 


14 


(n-a-(l-a-6c)/2 - b/2 -d/2) 0, + (3.76 -d/2)N, 


The molecular weight of fuel as it appears in the above 


equation can be written as 


HM. = 12.01 + 1.008 y 


The molecular weight of air is assumed as 


Mo = 26.96 
a 
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The air fuel ratio can then be written by a carbon and 
oxygen balance as 


[co] + [H,0] + [NO] 


M. [Co,] + [0,] 5 


Te = 
r “rode [HC] + [Co] + [CO, ] 


The HC concentration is measured wet. Ail other pollutant 
concentrations are dry and must be corrected by the following 


relationship 


B! aa 


wet dry (1-[H,0}) 


An empirical correlation used to determine the exhaust water 
concentration where the concentrations were wet and K = 3.8, as 


shown below 


[co,] - [CO] 
so fee 
a io, 
3.8[C0, } 


Specific pollutant emissions can be written as 


fe 


[X] 


WEE ] ISFC 
2! 


yt ; es eee 
IS "X" (gr/ihp-hr) = 7~ [ Sao) Sa eto ea rete 


£ 
where "X'' is the species of interest, When the above equation is 
used to indicate C,H., emissions the ["X'"] term is [HC]/6 since 


6 14 


[HC] is determined by a count of single carbons. 
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For output consistency fuel consumption is based on the 
observed air flow and the equivalence ratio calculated from the 
exhaust products. The computer program listing is included in 


Appendix IIT. 


Oo Oo 
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APPENDIX II 
ONLINE DIGITAL PRESSURE DATA ACQUISITION 


Accurate pressure volume data was required and an online 
digital acquisition system was developed for these experiments. 
The advantages of direct data acquisition include improved accuracy 
and speed. With these routines, a large number of data records can 
be collected and statistically analyzed. Consequently, failure 
of the experimental techniques can be detected by immediate review 
and preliminary analysis of the digital data. The online data 
acquisition system and program described in this appendix is based 
on a Digital Equipment Company (DEC) 11/10 computer with 16 K of 
core memory, a DEC RK -05 random access disk, two teletype 
terminals and the DEC Laboratory Peripheral System (LPS). The 
DEC LPS consists of an 8 channel multiplexed analog to digital 
converter with variable gain preamplifiers, and internal timing 
clock, and two Schmidt triggers. This system has the capability 
to sample each channel along with its multiplexed pair simul- 
taneously and then perform sequential converstion on the two 
signals. The sample window length is 5 nano-seconds and each 
Signal conversion takes 25 uS. Maximum sampling rate on a single 
channel is 45 Hz, with 12 bit conversion. 

A schematic of the data acquisition system is shown in 


Figure 1/7. The reference marker pulse at the start of the compression 





=o 


stroke is input to channel O with the cylinder pressure input to 
channel 10. Marker pulses every 5 CA° are used as an impute. to’ the 
Schmidt trigger. It appears that further system refinements will 
permit l CA” sampling increments for a single pair of inputs. 
Accurate pressure records must be matched with accurate 
crankangle records to be of further use and variations in crank- 
shaft angular velocity precludes accurate determination of the 
cylinder volume when the pressure signal is only logged against 
time. Consequently, combustion pressure and crankangle position 
signals make up a data pair and are sychronized with the aid of 
the Schmidt trigger. Each sample interval consists of 144 data 
pairs comprising two engine revolutions. The actual crankangle 


position is not known at the start of a sampling interval and 


the sampled data is reordered at the end of each data sample in- 


: O 
terval using a reference signal at 185 before top dead center. 


Two techniques can be proposed for obtaining average engine 
performance. The first involves a complete heat release 
analysis of individual combustion records followed statistical 
averaging of these results. The extended interval between 
sampled data sets and the computational expense required by this 
method precludes its use. Consequently, a second technique in- 
volving the computation of mean cylinder pressure records from 
consecutive data sets was used. These mean records are then 


analyzed to obtain engine performance. If a Gaussian distribution 
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is assumed, the probability density function can be expressed as: 


i ~(X,-X )* 
eo 9 eC xP CO Cid! 
af 270 20 


The following equations are used to calculate the statistical 


properties of data variations from N records of data: 


x 1 
Mean (Hu, ) x. re a 
dst 


xX. represents the average value of the i the element of the data 


Mector X. 


. 2 Zt: ane 
Variance: (09°) S.° = oq) > Oe xX.) 


Rearranging these equations, the standard deviation can be 


computed with a single pass of the data: 





This routine permits calculation without an unmanageable number 
of element arrays. However, the standard deviation as calculated 


is not normalized and can only be expressed as a percent of the 
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observed element mean. 
Assuming that we are sampling from a normal population 
it is possible to construct exact confidence intervals for y, 
the true mean, even when o is unknown, by use of the Student - t 
distribution. A 1l-a confidence interval for pp, is expressed as: 
i 

= S. _ S. 

KX. -t —— erie ee a a 
i a/2 ( ) a di a /2 ( , ) 
JN 

af N 

For a large sample size the distribution of 35 can be closely 


approximated as normal and a l- a@ confidence interval is: 


where 


i 
(o,/4/2N ) 
i 
In addition to the statistical information outlined above, 
the outline data acquisition program integrates the mean pressure 


volume diagram to calculate the indicated mean effective pressure 


and the pumping mean effective pressure by using Simpson's Rule 


= 
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for non evenly spaced ordinates as shown below: 


N 
W = > LV 4 (9) oY (8) SS SO - eee ea 
Heil 3, 3s 


Note that cylinder volume is a geometric function of crankangle 
position. 

Log P and Log V vectors are also displayed for cycle eval- 
uation and the program listing containing in stream documentation 
is dncluded in Appendix III. The assembly language commands 


for the sampling subprogram are explained in Reference(Q8). 
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APPENDIX III 


COMPUTER ANALYSIS PROGRAMS 


Listings for all computer programs and subroutines used 
in these experiments are included in this appendix. The programs 
and subroutines can be grouped in four areas as indicated by 
Tables A-l through A-4. All programs contain in-stream 
documentation of major equations and computational schemes 
and each subroutine contains a brief section describing its 
purpose, calling sequence, and the definition and dimensions of 
arguments. All programs with the exception of subroutine 
SAMPLE are written in ANS Fortran IV. Subroutine SAMPLE is 


written in DEC Assembly Language. 


_ 





ge 


Table A-l 


Summary of Interactive Data Acquisition and Reduction Programs 


Program Purpose 
REZLTS Calculates basic performance 


and emissiongfrom experimental data 


ONLINE Performs online pressure data ac- 
quisition and calculates mean pressure 
crankangle statistics 


Subroutine 


SAMPLE Provides assembly language commands 
used to control analog to digital 
conversion 





eae 


Table A-2 


Summary of Pressure Crankangle Data 


File Preparation and Control Programs 


Program 
ANALIZ 


Subroutine 


RECALL 


XPRNT1, 
XPRNT2 


STORE 


Purpose 


Prepares pressure crankangle data 
files and basic performance in- 
formation for additional thermo- 
dynamic analysis. 


Returns pressure-crankangle data 
from ONLINE for further calculations. 


Provides printout of internal 
VarTapees in SCLC2 for each Eime 
increment. 


Provides file storage options 
for output from ANALIZ. 
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Table A-3 


Summary of TCCS Combustion Analysis Program 


Subroutine Banpose 
REEG2 Calculates fuel fraction burnt, and 


PVY versus crankangle from pressure- 
crankangle data 


GASVEL Calculates the average gas velocities 
at the periphery of the piston cup* 


HEAT2 Calculates heat transfer rate in 
TCCS engine during combustion 


PLUME Calculates air entrainment rates 
for burning gas plume** 


* Appendix B, Reference (4). 
**Appendix II, Reference (3). 
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Table A-4 


Summary of General Thermodynamic Property Subroutines* 


Subroutine 


AFTEMP 


CLDPRD 


DERIVS 


HPROD 


TEMP 


TSUBU2 


UPROPZ 


Purpose 


Calculates adiabatic flame 
temperature from given initial 
state 


Calculates burnt gas properties 
at low (<1000°0K) temperatures 


Calculates derivatives of 
properties; for HPROD 


Calculates burnt gas properties 
at temperatures >1100°0K 


Calculates T(h,P) for burnt gas 


Calcualtes T(P) from given initial 
state of unburnt gas following an 
isentropic process(assumes no 

fuel vapor) 


Calculates properties of unburnt gas 
(assumes no fuel vapor) 


*Appendixes C and D; Reference ( 4) 





Beas 


Ch, Cola NOAM SIHd YSLNa 


TIAN 4 


Le 
relies 
( 
Se EO AIA Ss oS el S elses ee 


Jv 
(, &4NOTLSNSWOD JO LYSH NAMOT AHL ST LYem 


On 
CO ea al lee sel th 


ca 


7 LYWNOS 
TOS adAL 
COL) LVWYOs 
TO ene 
"OOT = Weld 
CJ) ILYWAO A 
OO Gea 
“t=1 Saw 
1 Vel Pole 
> “devel wad 
AO LYRNOS 
“VS aAelAL 
MET eee 
» LYWIO 
eel 

hl Ee eego7 
7 LYWIO A 
Sle AedAd 
OTs) LYWNOS 


tS lg LEI ay 


(, 


fo aS Tt LV ElM 7 2 Ne SAM OSS OG Gaetan cenit 


(,V1LY 


Ate ava OF awa Sy SiN as SiN ele eters 


S 


Le 
Se = UN NS eee 8 cel le teal 2) eee) Lees le te 


(QQO7AF 1A £08) 


Weill Ouest lit Selita Ny 
I 12 SY YAY WINSMINSIXS SHL A9NTSY TIM WVYNOUd 5S 


SL UZ 


OT LU Soe Aa 
2) LVHAIO oI 
eee 

eee 
, LYWAMO A 
OOG Blak t 

O/ANOW VII 

42a 

NMS SS Serine 


do NOTSNAIW TI 


UALS ANOAY 
Tee 


OO 


~ 


a) 





Bele 


© OL°09 © INda 9a Nasa s 


ANOT 
Cis, el NG ETN Tea eine eae 


SNOT 
EN eet eal aS ou Gl dite ING) lresliat en 


“IN 
CE a Se SN ON OI elite 


dENI 
Chit, (VI) ANNSSAYdH ONIMOVYO YOLOSCFNI AHL 


ANT 
Chto Cel NOTES Sei ealO mai eel ieee 


SCNI 
Cpe, CE a ae NO hea Ne el et 


WAY 
Cl CO Ga) Nil alae eee 


Neh 
Cate (8YV) GASM WANA AHL 


‘FOF LdadoV 
-LYWYOS 
OTS AdAL 

fcOT LdsdIOV 
- LYWNNOS 
60% AdAL 

“TE say, 
,LYWYOS 
80S AdAL 

(VIDLYWNOS 
© VO tera 
-YLYOWYNOS 
Z£0& AdAL 
(LT LYWNOS 

5.0 | eel Oy 
7) JYWHOS 
9OS sadAL 

(LT LYWYOS 

‘eOh Laney 
»LYWYOS 
SOS AdAL 

‘TE? Ldag0y 
, LYOWYOS 
vOoS AdAL 

(10) Ese ay 
, LYWHOS 
£05 ddAL 


(OV 409) LOWYOS 


Oa 
($4, (8V)DALV0 FHL 


“10 1 eee) 7 


-SYWYOS 
COS AadAL 


66401 5090.7 Us oN Mes 


NAM 


(EI) LYWYOS 


‘OOF Ldadg09Y 


OTS 


80% 


VOT 


LOT 


90& 


OOT 





a6 5= 


Z4dA0g) 4 PERE faa 
(he Ose NG Ce Tete Oe » LYWNOS 
ees aAdAlL 
ZuATSa ft Et baeeoy 
(Peo2 Ossie aNVee eee »LYWNOS 
téS S3dAL 
AAU OT eee) 
C$ * 7 NO ae »SYWMOS 0 
06S AdAL 
AM cleat eb Pee leet ct eral, 
CS 47 a rahe Ot 3 
7 GO NE SAE IN lel (il ot eect ORGAO alt eenectasl mete s>LYWYOA 461% 
61S AadAL 
INId {TEE Ld ago 
($47 dU chia 
*, NI NI GQIOAINGH SNVLNI aHL NI dO SSatd Sr Sey ee ee ee BTS 
8TS adAl 
Naa * 7 Beery, 
CUT Gellar 
‘>, S0 NIONT SOTSIYO SHEL SSOXDY dAGYU SSasa aR ST eerie ee eee TZTS 
T2713 sake 
WAM = Wold 
T= N 
foe 
MONT 400 basa 
($4, Och AO NI NI ADTSINO SHIT OLNI SS3ua Sie et Val ee eae TOTS 
T9YS AdAL 
MOM “TEP Soe, 
($4, ANSE eee! 
‘,45N9 YOdVA YALYM dO SNIVYO ANYW MOH » LYWHOA cS 
ETS adAt 
WLIVd STET Ldagooyv 
CN Gadel SOT aI SOUL SH) SL LVM »LYWMOS TTS 
TTS dadAt 
O-=N 


ed 
CJ 
i} 


= 
CY 
Li 


Gd 
L3 


Cir 





eaGe 


Sem 


a ae 


Cee 


fo 


cQ 
QN 
JH 


‘TE Lda0oV 
ot Passio 
LTE fea 


Cee (7e' Ota) ~ NivOD WNY e007 *c0 “Waa 
ON ‘Wedel NI OH “VYIVIT SNOISSIWS SHL AauNY IVHM 


Cc 


Ch) te Ch eee 


»LYWNYOS 

Tee dadAL 
‘OTAC) LYWNOSA 
oO aay 


MON “T=I €F OW 
(7(é°Olac? Moano Hags set 


NT Sn “Siva oNT Sah *OlIVi MOA dana 2 ede 


MON 


Ce SN aS OO ciel elie eri 


aN 


O14YLM 


~ONTOVaN FIWIS- ALYY MOT YALYM SHL ST LYHM 


HXAL 
($37 Snes 


NTYIVL 
($4, WIOAINYN LA INI 


NIYOL 
Coe a INI sore 


LAOML 
($4, LAO YALVM 


NIML 


LNA > LYWYNOSA 
OLG AdAL 
CTI LVYWYOS 
EV. 0 eee 
7 LYNNOS 
66S sdAL 
Ob aa a 
7 LYNNOSA 
8EeS AdAL 
“TE ees 
» LYWYOS 
LESe aan 
‘Tit Ieaaeay 
» LYWMOSA 
96S dAadAL 
STi ieee 
»YLYWYOS 
Ge% AdAL 
“TE ages 
, LYWYOS 
ves AdAl 
‘1 Seber 


($4, NI YALYM at 


SSAYNLYYSA4NAL ONIMOTIOS SHL SY LYHM 


7 LYWYOS 
SES Add t 


88: 
Cd 
uD 


™N 
Ci 
Ld 


~O 
C4 
Ld 


LJ 


L3 


— 
Cl 
id 





aii 


9. NYE 8c NO VIVil NOTIVMea tT IVa 


HALSWNVLON An SOs 
SoU Se eo Se ON LG h Se iam 


MALVM AJHL ALVINIIWVI 


PXKWA NI SMOYULS Yad GALOACNI WANA SHL SI STAHL 


Cpa Seekievialt 20 


OTLVY SONA WATNOSA 


OT SE Sale 


SS eaten 


O000c}T kX WH = LSYSd4 
MAMNSVAW AHL SI STHL 
JTOLS 7 YV4A = WIHd 
UAYNSVAW SH SI SITHL 
M/WAd = YA 


TaASMSV sina Sales aeee 


(MON) LVOUA/A = Wa 
i i a 

CHCl) Cea A= ee 
MON‘4T=I £t OU 

‘O= d 

‘O=TL 


95S Mad SWYNO NI MO1S NIV AHL SALYINIWSI STHL 


a 


(* 


OxKCC *O9b + NIYOLIT 


/VAIAK CC *OOOZ/SHOMKBO9* T + °T970C°OOOL/YOM + °TI)XT 
(69£20° OXMONTA-ZE6LO* OKWLYA) )KOPLO* EXKAMOUKIL * PLM 


‘y *M ANVAI 


AW w‘°SAWL US9NC 1 HLIM SOTAINO Ga903 AYYNOS AWSY AHL 0 SNVAW AX 
SAS’9 40 ONINALSAW SHL. MSd¥ed SHL WOMA WSAATYST SI NOTLYNOA STHI 


Di TTT ecltict La 
SOD LTT dealt IOV 


Se ceo GS 


= Cor 


oc 


OOO 


rT 


Seo OO O 





Ao 


JTOLS/XANVA = XSIHA 
OLLVYY YTV Vanda WALVYINIWI SHL SI SIHL 
YAV/O°T = XSYMVA 


CMM CCO904+09)+9H) 7 COCHKS * OF MIM T 
(5° Ok CON409 14204209) KX CLMWA9S6 BE DKO ZL V=MAY 


OO00T KX OCH = sevcH 

QcH - O° T = MUM 

(OCHO + O° TI/OCHD = OCH 
O*°OOT/OCHD = OHI 


H 


(OST + (8°E * €05)/00)7 COS C09) iS Cee an OCHO 
JOH k GOO*T + TO'eT = LMWS 


O*OO000T/ON = ON 
O*O000F/IH = OH 


“AY WAYASVAW ANG SHILINYND YSHLO WY STIHM LAM 
SI OH JDaYNS¥aW SY LYHL UNY SWOLY NOANVYO 4O SWHAL NI 
WAMASValt AMY JH SHL LYHL SLON ---- YIN tS * a eel 


FO9O0TL MAd¥d SVS NO WSAS¥VA 3NY GNOILYNUNA NOISSIWA Wy¥ 


CdHIKCh6S°LSb)7°OO9k KM= QYS 

(C T9L0°O k INId-T 

WESTO'O % WLGd) kX WdM)/0°O9b + NIMIVL) & ZOZ°E kM =44570N 
AAWI/dAaWH =4dAASOAW 

SHI + dHH = dHI 


0° 0009/7 (4ANd-ZAAT A) & WIN = dH4 
O° 0009/7 (ZHAN d-YANd) KX WAN = 4HA 
ddWa + dAWd = d3wi 

CAANd-ZAATd) kK Z’Y8BB'°c = JAAWH 
(ZHAN d-HANd) & Ze88B'Cc = dAWd 


CNIML-LAOML) & °O9 * OVANLM = (SMH 
T800°O - OIVAMLIM &k 6Z2¢60°O = OTAYLM 


2. 


ea Sea ee 





-69- 


‘SOTA mod AdWH, SXS4, ISd, “XE4E OTs’, =AIWI ») LYWHOS 
AAW:) “daWH “daWI “Gro FdAL 


Co ieee ES OMe Git i Uae amet at 

fe Oa’, -OILYN SINS IVAINOS WSYNNSYAW ZHI. » LYWYOS 

XAIHFS {WIHd *¢&£&S SdAL 

Cele ReLt ATO MOLeS Ga XKCle er eXT TS xe el 4x2 40's’, -) LYWHOS 
ANDI “SNOT “IN 4d NI “SCNI “SCNT “WdM “EES S4AL 

(7HSitee. Nod LYVLIS NOI Lat) Ss tussle 

er Sod CNT SINS Sl aNEL LYVLS FNI Wel -  LYWNOS 


SES AdAL 
(.VaNd 4b 4v¥4,  ONISN . *bU4bUSXG*EI*, NOY LSaL OT 

// ANTONE SOIL SH MOA AMYNWAS SONYNMOANAS ,) LYWMOS 
VA ‘Nd “BL “Yi ANAM “TTES AdAL 

OO& AdAL 

XI‘t=I vt ov 

EXMFET = XI 


ANALNO SINAWNWOD 


Jd5 ¥ C°9/OH) & WA kK ( LAWA/GE'EB ) = JHSI 
JAS & MIM & ONK WSK CLMWA/800°BY ) = ONSI 
JAS * OO X® MOM & WSN k CLMAWNA/TO*BE) = OISI 


C YOMKCOO + MOMkK OO + DH D/*T = WAN 


( 00 * DSSI)D 7 O°StSe = ee 
SHO / dHI *& JSST J4S49 
| C6S°ESt» / IAS IAST 


JHI /0*°O009k & WA = OAS 
XAINVA kK M = WS 


Ui 


“ANALSTSNOD LAALAO SNOISSINS SHL SNOW OL NY4Y DSLYINIID BHL ONY 
AO It SJHL NO WSS¥8 NOILAWANSNOD TaNA AHL ALYINIWA| 


OTLYY SAINATIVAINYS WALYINIWI SHL SI SIHL 


Cd 
ra 
ud 


TTLS 


vt 


fay 
Not 


et) CO 


mw) 1) 





NINA 

dOLS 

tT OL O09 

ANNILNOO 

OO0E€ AdAL 

£T4‘t=[ St OW 

(, ANVYXAH LNA TIVAINOSA JO SWMSALLT 

‘, NI GSI OH AHL TINY CON 40 SHMAL NI SI XON » LOWNOS 
ebvS AdAdL 

(20 SHS dnl 7 so) 2 XS Oe 0 a4 aE oie 

ere OtA*,=ONS I, “XG*o* Oley -uaior sSYWNOS 
IHS LS SONS ft Oa S [ss eee 

C,¢€ YH-dJH/WAT ),4XG4L°OTA4, =DYSI_T 


—-69a- 


foes, OLA6 7 = JAGt aes ee 0 [ae elo » LYWHOSA 
JUS *JASH *JaS1 40S aah 
CL EYENN, (X£4G°OTA4,= SMOMLS 7 WSLOISCNI WSN 3HIL ,) LYWMOSA 


dS etd a 4G ree ect elt 

C,a Dat Xe 4 t* OPae 7 = Sele Siler 

“,HX3. SXO* MIW/NLA » fe°OTs4,=0CH OL NOILISC AM LYSH sLYWNOS 
MAa I Sof Sat 4 BS ested 

CE Ola* 7 =34a7 D1 diy 


‘CAMANWON . 48°OTd4. = Add WMSHL UNI 7 4£°OTS4.= Ada HOAW »LYWYOS 
S35 100. 4 dd3g1 7 4S 4 29 Gee 

Ce Ota 

eee OAs dE ot XT 148 OLAS = AHI »LYWHOS 


AHA “dH “dJHI 49895 S3dAL 
(,1Sd, 4X£4C*OTA4 PedIWd, 4xXG4,0S5d,4xXe T 


Xe) 





27 = 


Cy Sail aS 

(bY “XOF SCT) LYWNOS 

CLOLVT ‘NOMI “TO8 1L4g99¥ 

C #4, & (C@&l) MAAWIN NAN SHL SI LYHM ,/) AVWHOS 

O08 AdAL 

(,O0L «.28T- 19 X¥W OD OL LAS ASIN JT 

*“,9A90TYL Ad09S SHL SI ASINd 33Y SHL ./7,*dOLS L457 SHL OT 

WOUA LL ONISVAMONT AIMOIS AY SMITA LSAT OL LAS 3A LSNW TLS AHL JT 


an 


7 WON EN ISe t » JLVYWHOSA 
CO8 3dAL 

SJNOYIS 7 NAINOD 450° So 40 ey 

OT ~ ckkXC 4aNONLS 7 “ok NA INOO®) F=ecE 

JYOO* AMOYLS * SAYOH &* BSYAOIA = 1TH 


CCOUFC RK YH LY SOD) LYOSZ CYHL) SOD+* T)*(CMHLINISKENT LOOK T= (MHL) MHLTA 
CCcou + CXHCMHLISOD DINOS ~(CYHL)SOD -EH)KTA + DOLA = CMHL) 100 


J GCOLEOTO 4S9469% UT 4E0ULZTO°O £669E6L'°O SENTILIOSWLY “MLS BNADId YLYO 
f O8°tLl 428° OT 4ErB 6S “SEVE*S6/0NLN SNA INOD “SANOMLS “S3NOR Yivd 

7 "*O0C 0°00 7ANVISade aE oe 

EKXNO NY WO NT 3NY ANIONA SHL YO4 SNOISNSWIM Wy 

YOLYOTUNI SYASSSYd SAINY IVE 

AHL 35070 OL DAYTNUAY SI LYHL SNNSSHMd LOYVLINOD SHL SI ding 

dH “dsAW W3y 

COUT FHL 4CEOLU 4 Cost oT L¥lSd “(88 )ANHI “(ee T)SANdI NOISNSWIN 


*SNOTLAO AIVYOLS 

MSIW NY LAO LNtYd HLOY SSATIAONd WYN9ONA SHL *NOILYINOWI NYNOM ¥ 

WN SISATONG WOTLSTLYLS ONIN IOANI ONISSSIONd YLYO TIWILINI WNOSNSA 
Ql UNG YiVd ANT NO LIATION OL JSNSISSO SI WYN9ONA SIHL 


TO8 


008 
86 


OOO 000 O 





C//7/, SMALS ITO LON OO AVMMEWINA ONTTVAWNYS SNITINO 


Ch4,NAMY OL AWYSY NSHM 3S¥3 745M 


INYM NOA OW SAIdNYS ANYW MOH 


ay le 


“SMOLVOTINE SMONSSAMd AZONYVIWA SHL SI SYNSS3Md LYHM 


Cae oat 
Mel JING IVE AHL SHOT STONY LYHM 


Fee hE 


O°O = (F4TIILVLSA 
off = — 9 OU 
veTs‘tT = I 9 OV 
SJANILNOO 
OF =a 
88¢e $1 =I G OU 
O = LNNOOI 
» LOWMOS 
eel ine 
(oT) LYWYOA 
JIN €er Ge aaa 
sLYWYOS 
T£Tt8 AdAL 
TNOOT £906 LAsS009 


AVIAN TINA Y ABS OL LNYM NOA OW ./)LYWNOS 


OT8 sdAL 

(LT) LYWYOS 

JANUS]. “ete Adagey 
»JYLYWYHOS 

C8 sadAl 
(L*OTALYWYOS 
Wau ebro la agay 
WdY JHL ST LYHM ,>LYWNOA 
TTtTS AdAL 

diNO + Idd = Ida 

(o° SH) LOUWYOA 

lod “GOR. Pasa 

‘, Ce Ea)ed 10" LaSaee 
eS AYWYOS 

BO8 3dAL 

(VIO LOWYNOS 

bel e§ 2OG tea ay 
LSSYVAN) OL WNOJSANYNOD .T 
»/)LYWHOSA 
vOd AdAL 





U2 


ie 


cLtg 


TETS 


OTS 


£T8 
gts 
00S 
ctts 


TTETS 


608 


808 


£08 


vcs 





- 


SITLSTIVLS SMASSSYd INIA SHL 3Lndwog 
Ql AG MUe AHL SYOLS UNY BWISd “Iddl “Idd ONISN YL¥ BHL JLyyNar1y9 


TNOOT+NOOT=NOO1 CAWYSI *0S* LNNOII) AT 
T + LNNODI= LNNODI 

(1) ANd =(P)S3MdT 

b+CaP 

E*MI‘EsI bv OW 

(I)ANAI = (C)S3MdI 


T+P=P 
c*S8c'MI=I £ OU 
Cn 

t+ MI = MI 


J5 74 ASY AHL LY ONTLYVLS ¥YL¥0 SYNSS3Nd SHL NS0MOAaN 


ANNTILNOO 

I = NI 

(IOANAI = XVWI 

¢ OL 09 (XUN? (sien 
G£{Z8E4LC=TI € OU 

C(TIANAI = XVWI 

T = MI 


7) 


QO TANNYHD NO 351Nd ASN SHL NIA 


COUT SANETIATANYS 1149 


CIGLDO2 SOT UNVERO 
TANNVHO ONTISA SNOTLINIOASY € YOs SS TWYS LIZATION INY WYvOoH NO JWNAr 


O=(I) ANAT 
BBEe4t=I F OW 
0O=NOO 1 
SANNILNOO 


Cro Co CC 





So 


“a meV O OO 





Be) = 


T‘T=I cf Ov 
AANTLNOO tT 
SANTILNOD rb 
soa Fl eA ele ee 
ry OL 09 (¢ 0 *0A* NOOWGI 
CRKOSSIYd + (TSM LVLiGd = (T4M)LYLS¢d 
SoaMd + (CosMOLVLSd = (CE4M)LH1Sd 
Td + AWOGH & CIAGY-G*60b/(* ZbOE-(C CI) SANAL)LYVOT4)) =SSaM4 


HL=CM) THA 
St Hae 
t-I=) 
bet‘SZ=I TT OV 
HiL-O*O=HIL 
SJNNILNOOD OT 
CKKSSAYd + CTAM LOLS = (T4M) LYLS4 
SSdYd + (CO4NILVLSA = (E4N)LVISd 
SAANTLNOO cv 
(,1Sd, T 
4H SEO LAS, 6 AMNSSANG +*£XE 40°S4A4, =VLAHL |.) LYWNOS COL 


Dood) 6 tle OZ, stave 


cb OL 09 ¢( O *U3* NOOW SI 
Idd + AMISH * CIAdY-S* 600/70 * Ze0e-( C1) SAMdI) LY014)) =SSayd 


HL=(N) THL 
T-I=M 
LT + HL=HL 
Yee OC 
Ce ha 
0*S8T-=HL 


S°60¢/(0* 2Zb0e-CCL)SANAT DLVYOU4) = Idd 
Eat 57 ( nt Se) =a 

AANTLNOO Tb 

C(LI4, =LNNOOI s// dV LYWSOS TO? 


ANAODT 4T0Z AdAL 
Tb OL 09 ¢( O *0A* NOOW AI 





Sia 


E4T=I ¢€f On 
JNNILNOD tT 
AJANTLNOO rv 
SSaud {HL $cOL AdAL 
rv OL O09 ¢ O *DS* NOON SAI 
OKKSSAMYd + (TSM LVLG4 = (TSM) LYLSd 
OoANd + COSMILYLSd = (E4N)ILVLSd 
Tod + AWOSd #& CLAGY-G* 60/0" Zb0E-C (LI) SANA) LYOT4d)) =SSaN4 


Hl= CM) FHL 
LW + HL=HI 
{T-I=N 
bet ‘4‘SZ=T TT Ol 
HL-O°*O=HIL 
JANTILNOOD OT 
CXKSSAYd + CE4M)LVLSH = (LT4M)1LYLSd 
SSddd + (e4N)ILVLSd = (E4N)LYLSd 
SJANTLNOO cb 
(,1Sd4, t 
AKA Ld4, = AMNSSAMA -*£XG 40°GA4S, =VLiSHL -)LYWNOS COL 


voddd *HistcoO7 aac 


cb OL 09 ( 0 *03S* NOOWSAI 
Tad + AWOSHd & CIAIY-S* 600/70 * ZeOd-( (CL) SANAI) LYOT4)) =SSaYN4 


HL= (NM) THL 
T-I=MN 
Lil + HL=HI 
bZ4ce =I OF OU 
0O°S =1uU 
0°*S8T-=HL 


S°60b/(*Zb0E-(C(LI)SSNAT DLYOVA) = Iddy 
bot °9S7 (© tani? Sel) = ai 

JANTLNOO Tb 

(£04, =LNNOOII s//) LYWMOS ToZz 


ANNOODI 4f0Z AdAL 
bib S). (oe Oueaas. MOOT )x1 





aie 


(. AMYWIING WYYOOMNA YLYO SNIT NO Q¢hIITS SAAS YIYIWMOS 006 
006 AdAL 
Td xk *é = AGUA 


LINO LNTIYd YOA SANIAONA ONY LNAWANONI HOV3 
LY MOM AML COINS SWNIOA MSONIVAD FHL SALYINDWI NOILOIS INIMOTIOS AHL 


“MSTIW S3HL NO JQVNOLS YOS SATIA VLY 
SUVA ONY LAALNO SHL LSI7 4AYNSS3MNA AAILIAAAS NYAW BHL SAL INgIWA| 


ee eo 


JANTLNOO 
aAWVS/ (cf I IV ISd = Ce russ 
CO CAMS ZEKE CE 4 TO LYLG A(T ATO LYLS A) KC * T-dWYS)/°T) SHY) LYOS=(T AI) LYLSd 


VYT4T = IT Of ON 
CAWYSTILVONA = AWYS OOb 


oO 
Fa 


(oe 


SILLSTLVLS AMASSSMdA SHL ANIWYSL3ST OL SAYNNY LYLSd SHL SSHOI0MA 


OOT OL OF 


NIVOY LOATIOD XYVW LON AI 
WALOATIOO NASH SAVYH SLAS Vil ATWYS ANYW MOH 33S OL SNOSHO SIHL 


Oooo G Soo 


OOb’ OL O09 ¢€ AWYST “Oa* LNNOODI ) JI 
JINNILNOD ct 
SANTI LNOO VY 
9SAYd “HL *cOZ AdAL 
vl OL 09 ( 0 (USa> NOU Wat 
C¥XSSAMd + (TSN) LYISA (TAM LVLSA 
Sate 4G Oe lod ces) AV bod 
HL=(M) THI 
vo T=N 
Podd + AWIG & CIANN-S*60b/(*2ZbOe-( (I) SAMAI)LYO14)) =SSANA 
LO+ HL=Ht 





aS 


(MLK CEO T) THL) TON=TOA 
4+dh=dm 

CCE4THID AVIS d—(2 4 THI AVIS AK Bt (S4T)LY1SAK'S) *K d= 
‘EL/ENTLOI K( TOA-ZON )=4 

(MLK (E+I) THL) TON=ZON 

(YLIDK CI) THL) TOA=TOA 

C*tel*e2Z=1 canon 

0*O=dM 

d+m=m 

(COCCHI DLV ISd- CES THI) AVLS AK OE (TST) LVLGAK'S) & 4=4 
"ET/ENILIOD KC TON-ZOA )=4 

(MLIDK(E+1) THL) WOA=ZON 

(YLIDK CI) THL) TONE TOA 

E02 t=) TS een 


O° 0=M 

ANNILNOO 

Mia “NTAD @Cr*4 I 1VtSa “(eet USA Sal One ire) Gamelan 
(WIE CEesTOLYISA)OTOONW = NIM 
CIONADIOFIOW = NIAD 


CONLAFISMTAI/CMLIKCIDTHLI TION = WAAQ 


beT‘>Z = I Ov Ou 
cOv OL 09 ¢( O *03* NOOT D4I 


Ca" BAS KOTSG BA XET SE CASKET SE CASXET Ae LAS KOT 40° GA4X9) LYWMOS 
Nid AN IAD @ CEST IViSd “(e441 1yiGd “gona? Cl) THe cosa 
CHLY/S(CESTOLYISAOTOONW = NWd4 


CTONADIOFIONIW = NIAD 
COULAFAISTAY/ CYLOIXCIDTHL)I WA = TOAAD 


¥Z24T = I Ob OU 


(.(CWLY SS3545d)907 (XYW 10N710N)907 NOTLVYIASAT ONVLS,T 
AYNSSAYd NYVAW XYW AWN IOA/AWNNION VIAHL r/VLYWYOS 
C06 AdAL 

C Wd, 4X24 O° LASXG SUS bY sb Us XGSET 4S, NATHAN NOM - LYWYOS 


WHYS CELOLYT 4 CEOLOM SC TOLYO SNNYUI 4T06 SdAL 


Cd 
by 


cOV 
TOV 


£06 
Ov 





OTS AdAL 
66 QL 09 


daWNd COST, TTIALINM 

WAY C60T. TT) ALINM 

dH (80T TT OALINM 

JAW C(ZbT- TT ALIOM 

Ci*19tSs (Xl bain 
CES LIAGZ stall = eh 

£Z2‘4‘T=F O8 ON 

e4f=I 08 OU 


MSI SHL NO 39VMOLS YOA AVYNMY SNO OLNI YL¥ NH MOVIS 


CLI‘SN‘Sc*OSTO TE SIA SNI ASU 
(T-4,L1X3° STI ANSI, 4TEONOISSY WIW9 
C4, L009 FNON SAS WMOA SHL NI ‘YL SHL OL SIL4 ¥ NOISSY sf VLYWNOSA 


606 AdAL 
£6 Ol 08 € 0°) °Ua" Misia 

(TIDLYWNOS 

HIST 4906 Ldsagg¢ 


76s 


Cf4, CTT) ON=O SHA=T 441411 SHL ANOLS OL LNYM NOA OU t///)YLYWHOS 
SO6 AdAL 

T=YLS1 

SII IIS TIS LE FAA = TAG ete 

. “MOTE 4AS, = SANG SHL, 4XOT4E° 944, = AWE SHL rf VAVWHOS 


dH ‘daWd {daW 4bv0O6 SdAL 
0*000Ch62Z/ WAN KM AH 
CLNTLOOKdSA) /M d AW 


i 


| 


CLNTLIOKASHA) /AM=4d3aWd 

d+dM=dM 
CCEefTILVLSd—-CEs bb TOLYLG Ak B+ (E4fb To LyVLGdk'S) x d=4 
“CT/ENTILID KC FOA-CcON )=4 

C(YLOKCT) THL) TOA=CcON 


Lh 


08 


Oowv 


506 


bO6 








Te 


(INS 
dOLS 


OOS OL 09 ¢ T *US* MIVWII)D JI 


MILT £906 LdaIDV 
Ch#4,ON=O SAA=T YL AYOW LOATION OL LNYM NOA OU SV LYWYOS 


OTS 





=79 > 


REVS ey a clam orlege) a 
MNALNNOO LNAWANOAI § 


NOLSYVSANOD HI UNOS Sahl sea at ome 


NOTSYSANOD ATAIWYS LSMTA SHL YOd LIVMS 


TLS + OTOH 8 ATWWYS WNT OT80 HD Nad 4 


SLNTOd JO YAAWAN LAOS 
eel oN ae lime aisle i llc) 


QOIMGY YAAANA YOLIAA § 


(IN 21 * 

Jed SIM 

HY S AT ea APT 

SUVS ad keel SF 1o 

Tee evel 

eae Gea 

+(°OM) 4“HO9USA 14 AON 
$e Pad 

SUVYSATO HSL 

£¢0M) “HIVSA THe AOW 
SUVS ATE INT 

pT Pda 

SOVSATWA WLSL 
SAIVSdlte “Ocoovit AON 
WIVSA TE ATO 

SOIVSA Ta AWD 

cd 44°95) AOW 

OM 44°94) AOH 

+ CEM dst 
GCOvOZT=NTYS 7 
OOvOLZT=SUVUS A] 
Slave. Lorin = 


atl ele 
fe ele TIVOWS 
elIdbUS, WYNOOMd NOLTLISTINDOY Yl¥0 SANICINO aA 1111. ° 


2 $T 





TGs 


O£vO0000 
Oc vO0000 
OL VOOOOO 
Ob TOO000 
OF TOOOOO 
Oc FOO0O000 


OT TOO0000 
OO TOOOOO 


06000000 
OBO00000 


02000000 
09000000 


05000000 


Ch SUS! Ab Sh oko 


ZO} 
(Wild 4 CHL Sed) TIWOSM 


SITING MNYMD AO AVMMY AN LAS ONY “YLYT AMNSSSAMA 


f €< *S #G 7 HONGN “SL TMN “Ua 


Te OEE ey ee camer ail eared 


“HA f{AYHA SAYA SWYAOD 4WMAOM “MWA 4VILSHL “SSMA/DLNMAXZ 


Ld 0S Pie Ue le aelae tena 
LINA 4MTWVI /SOAMAAZ 

TIVML ‘Wd 40M SOHNGI 4IWSIM “aAVOLM “OANSe 
fANIY 4ANOA SOTLH SOLA 4NATINOD 4SMONLS “SMO /ANIONG 


VaAA “YSMOW *<SSOWHO 4NMASSYM 4TSad 413s “AVYIHd /SOMYHOS 


LINN 

MTV 

COOTIDAd *COOTIVWWYUD “(COOTIEHL 4(COOT)IEd NOIS 
COOPIAVITHed “COOTIO 4COOTIM “COOT)IZ SCOOTIHL *COOT) 4d NO 


YIU ANIONS £8T-SI1T 8 AMOLS NY “TIVOAY SNTLANOMANS 
CIVIX MOA SAW YVLYOI AMVdAN TIM WYNOONd STHL 


ZIVNY 


, LYUWOIOS 


GOT telAL 

JA5 OT OGaed sa 

Gite JIS] aW4l Si LYEM 7) LOWMOA 

EOE V aad 

SAMNOW “TOG soe 

Chee Vane AHL YOs SANWA ONTLVSH MAMOT AHL SI LYM »d LYWIO Gl 
SO AelAL 

WOXZ 8 P= a 

HOX {T0464 LdasIOV 

Glee Oe sO saat a Gy le nn t///)ANVMMOS 


elAL 
VWV2 


NY Wyss 


MN VLUIT 


x 
NOWNWOO 
NOWWOO 
NOWWNOD 
x 
NOWNOD 
NOWWOOD 
MAQALNI 
WOTS07 
NAW 
TONAW De 


ONISN 


GOT 


LO7 


Soo oS 


Se 


e 


“) 
J 





ae 


COLO00009 
BEE SONOLONONG, 
O9200000 
02209000 
OVE OC 
OZ 0000. 
Og BONO RO MONG, 
OTEOO000 
00200000 
O6C00000 
OBZOOO00 
O20 000 
09200000 
05200000 
OVC OO000 
OBO OC 
OE CO9000 
OFCO00900 
OLTOO000 


($4, 


($4, NOTIIJAGPNI JG 1YVES ant Sym Nason sLVWHOS 
SOT AdAL 

S&S = LINN 

*ANHLS = MWL 

°0OO0v = TIVML 

6STt*eé = JANSI 

BT’ T = IWSLY 

9¢L*r = d¥OLy 

v9’ Ee = QYNSHY 

S'é4 = ANY 

6F*e9 = ANIA 

vet® = OUOLH 

68°¢L = OOLA 

£8°9T =NAINOOD 

£¢8°6 =4NOYULS 

Y¢v8°S = AYO 

85000°0 = WANA 
v9OL°£S = ISd 
HilHsa “t06 240999 
OTLEY AINA IWAINOS SLONTOYA LNYNA SHL SI LVHM sYLYWHOS 
vOT S3dAL 


JIOLS/ COVS/9NAS)=AVIHA 
CGS76°CEER CS U/MOX+ ° 1) / CMDKKEOO TEEO cl) — aries 
SSYWY 
SSVWS 


CWdYK* OL) /E6S° SSUKAIHXKIVS = 
(WANK * OL) /E6S* CSUKAIHXKIAS= 


SSVW YIY GNY Wanda SHL ALY INITVO 


SHX £T06 Ldag0V 


Cast eo AHI WAyNNSVayW AHL ST LYHM 


» \LOWYOS 


LOT AadAL 


SOT 


vot 
06 


oO 


LOT 





Oe 


I=£1 
St Of 09 ( PNiawag <ionoet 
Tl‘*t=I St ou 

TI = SLAN 

ANNILNOD 

(lod = (TI)d 

(LOSHL= (TIDHL 

T+EI=01 

NN‘4N=I bt On 

O=TI 

ANNILNOD 

Et OL O9 

I=NN 

CT OL O09 C*°OET "47° (CIOZHL) Al 
E2‘M=I ET On 

ANNILNOD 

Leonean 

I= ¥ 


OF OL O09 ¢( FNIHL *£7* (IOCHI)S 


£Z24T=I OF OU 


SN3AdO ANWA LSNVHXS SHI 


AYOI4 SINTOd 40 YAdWAN SHL ONY NOILOSCNI SO LMYLS FHL UNIS 


(MYASAY-* FE) /SSYWHO SSYWHO 
SSYWAt+SSUWY SSYWHO 
CLBLOBLE*O kK Wd = om 

“OOS T/YSANOTWO=YSMNOT10 

MYASSY 4§T06 LdADOYV 


H 


SYM NOTLOYYA WAMTISSY SHL NNIHL NOA OO LYHM » LYWYOS 


POT AdAL 
iNest LOG bday 


NOTLOACNI AO NS SHL SYM NSH »)LYOWYNOSA 


OGOF AdAL 
FNTHL‘4‘4TO6 Ld3d999 


VT 


C53 
a 


TT 
OT 


Oo OO 


- J 





=g0- 


O17 00000 
00200009 


OE OOO 00 
OREOOCOO 
OVE OOO Oe 
O0£500000 
Oe GOO000 
OTSOQ0090 
QOL00000 


( 


Ad 


‘UWWOD 


a) 


“n" 


ZL 


ee 


‘SLdN 


‘HVLIHS 


HILIHd = 
SLAN 


2 a atic, 


(INA 


LIX3 VIVO 
(SLAN SON HOT Hid eONWGS 42 ele Oo 
(///) LYWHOS 
60f AdAL 
(9° STAD LOWHOS 
COWIX TWV9 


SANNILNOO 


(TOHVLTHS 


ab 


= 
ome 


I 0¢€ OU 


S-THd LOANTOYA LNYNA ONINIVINOD AVYYNY SAZTIVWILINI 


JANNILNOO 
DP Vo Obl) S) 


OO0O0T 


601 


T046 





=895 


YSHLYA 


6 AdAL 

dAWACOST-ET)UYSN 

Wd 6vT,eéT Vay 

dHXCBUTLCT)IYaN 

SIWX (Zeb, ET) IY3y 

C(I4POLYV1S4 (XI, eT) d¥3y 
Cee Ke Zee = el 

£44T=F ¢ Ou 

efT=I ¢ Ov 

CL1I“N4e4OGFIct AWA SANIAR 

(T-*4, 1XS° AVI AAS, SETONOISSY W149 


(7,45 OL LNYM NOA OOF ATIA ¥ivd LYHm »LYWHOS 


OT AdAL 
Via + (T-IOHL = (CIOHL 


£L4C=1I FTF OH 
AVYNY YIAHL AHL SLYMNANAD 


O*°O8T- = (TOHL 
f O°S 4969°VE 7 VIIA “WLY vie 
CE“EZI1IVLSd “(SZ)HL 4¢(S2)4 NOISNSWIU 
C Wd SHL 44d 2 T1¥939MN SNILNOMANS 

Wd UALYINIWI WALIY SHL - W4y 


(Os) 
MNO0O0 SAMASSIMN4 AHL HOIHM LY YLYO ATONY MNYND JO AVMNY NY - HEL 
WILY NI SSANTYA SYNSSAMN4 AO AYYMY NY —- 4 
SNYNLSAY 
C WdY SHI 44 > TIWVOSN W199 
J9VSN 


ALY YSLYT Y LY NOTLYLNAWOD 
S WOMA YLiVU SAATYLAY TIM SNILNOMNANS STHL 


TIVIAN ANILNOYANS 


OTF 


© 


Pee OOO OOC OCC O 





UNG 

NYALAY 

WILY? Ce sO Sa aly 
EZ4T=I ST Ou 


2a7= 


WIY OL ANNSSSAYd LYAANOD 


Co 297 =Wdae xe ee. Oa 

#7 lit een oe OLS fe aN Xe Ae OO ae ee el ,LYWYOA 

Wd 4dHX ‘daWd ‘dAWx ‘4‘¢T adAL 
CL L4A*XV ESC Cat Kee Osx eo 

( 2:2*T=i SCL * 110 tS Ss” * Cette oa 4 Cl ee eee 


C7 Oa ele alC Mens SYNSSAYA VISHL rt 
A AAPUWAS GLO s/YLYWNOS 
TT AdAL 


7t O120S (+O. Dass ibid 

(TIO LYWYOS 

dW £8 LdaooV 

Catala, Or ON T=S3SA YI¥Il AHL 39S OL LNYM NOA ON -.LOWNOS 








-85—- 


VV EY VEVOVEYE 


eo 0e 


eS MODAN 


NOCAOOOO 


ANA e ies 


VY COVEN) 


ARAVA AONOAOA TAL 01 


NSAOADNDOAD 


IYOOAOAAVVOEY 


NE OOOAAAA 


AIS ANAAD 


AOEOOOODO 


VAP ONOOD 


NOE OAAANAN 


OGL OOOOD 


Ot OOOO 


oe fee G08 eo 08 oes 


ATEO VAD 


OTE OOOON 


EVEVErAVEVEVENEY 


NATONOOON 


ARTAOOOD 


AATOAOON 


OF TOOOODD 
VET OOD 


Or TOQOODD 
NE TAONOOD 


VEVVVOOYE PALL 40 


NA DOOOOO 


ov feve os te ee 


VOUVVONDEY 
VEYA 


OPOOOOAD 
NE TAOOODD 


: er STA ee 
(ial 


4 


4 


CE PSledlty 4 


eo wee cou mee « 


“IMA 4 TIP 


al ete aie 


Te apo yall ae 


eee @eee «00 ove 0%ee 


Y CVA ATI 


ee Gl pales | 


TI) 4 ATT 


see mee eee mee 


STA SAUSTA SAUNA 4M AlN 


coe seve © 


Den, etl? 
CEVA WIT) 


AEE MOOD ae 


MeL. AM tr 


At 6 AUT, Ot AUTO. evo, 


6 N/M. 4 


ees veo 


( 


COV STUITY ( 


Ga 7a Gl eae OGleaaale 
PATE Hed AYE 4, 


YOe LIM. AYO A 


Cn os 8 oe e © evse 


“ANT 


eee oO 8 te 


CSS .OSINY .6TPO46 om 


A 


lela 


41 GAC Go 


LY. 


* ® o ome ° 


tr? / 46 oo OOM 


mes oe * 


AQQULLYD 4X 


ey ay ° ee 


11 
AUC 


4AthT! 
LIM AON 


AO NOVI LOQOANT Slat | ad 


Sone cee eo see cee tee eee 


A FAUNA CAM ADD CLDIANM «LN AQDA 41 4 HL 


il. ae 
é 


TN 
NIL EIM 
AACE AACE RAE LAST Ons HEY LUMMOd O00 


eee ove oe B50 eons con. = Sen8 . etne cost eos vewe 


TH UMM ALT AA | 


oe Sa ees sleet 
‘THe SAOMOR TZ NOMIC) 


ett we see aw @ BF 


mo ae é SOW AAS NOWEIDS 
TOC * 
LIM AOM AMMAOQA SHI 4b ZOLNMAY 72 NOMI 


ul : 
OAT I THA WLIO SY) FUNMAY UNTO O WIGS 
M 


eat oe ee ec S a A 
SL NIN 


oh ae 


eco ew eo ste ae pete Oe 8 MO . me mee © eee vise 8 


AGW WAN TN YOsd GATIMAIOMd INT MS a 
5) | 


ITN 2 


NYAS 
(ik WOOT c 


° ce oe o:se ‘tee 0 ; oe | 
oly BO eae Cea) . ” 
NM erat mee els / Rol GS Steet a 
WII). AVES ponent aoe se : 


AUT. «X46 .AUm nn ‘XG 1 
agile ee OISHL . 4 HT) LUUMOd O02 


sere ove a er0e 8 


2 Mee ed 


oc 8 ma. 


YT AGMTA ONY GON TIVE Upws Tpya 


mes cee los! mee wwee eo eco oc mete 


NOM a 


So 


LOMINY “IWEILINT. 6¥@e ,GQuuMa . 7 


* © ese CFs meee © 9 Bee 09 Sree Cee 


SOU. Soi Calg es Ie eT eat 


CN SS OA A ral eee eee gin 


a 
MASA 81S Avan 4 Tee 4 ee On Ee) 
AIAN @ NO Fer OZ NEN) 
Sf ieee Ol 6 tii * 
fUNAOM SELMAOQN 4H fo OLN AY 
TINY IN 


NOTLYUMMOANY Matus ONT Ata a 


oc © o8@ ese =e. moe eee 8 


a 
be 





SLIN‘T=I ET OU 
(I)d (XIVET)ALINM TI 

tT + XI = xi 

SLAN‘T=I TT Od 
(CTOHL (XIVET)SLINM OT 

T+I=XI 

SLAN‘T=I OT OU 

T= XI 


‘ 


LINXCT-£TOALINM 


VIVI AHL WY NOVLIS J 


if 


TO*°O + LdNx LdNX 
(SLAIN) LVYOVA LdNX 


CLI‘SNfesTOL LT AIA ANT Aad 
Cl—-*,1X3°S TAS AS, ‘LT ONOISSY WIYvD 
C//7 VAST AHL OL ANITA ¥Y NOISSY - > LOWYNOS TOT 


TOT adAt 
66 OL 09 ¢ O *0U8* ON) AI 
(TID LYWYOSA 00¢ 


ON 400€ Ld3d90¥ 
Ch4, TeSdA ViVi AHL SMOLS OL LNYM NOA OU » LYOWNOS OOT 


OOT AdAL 


Ge 


J 
COU IAd *COLIAVYLIHA4 COS)OWWYD 4(05)Z *COG)HL “(0G)d NOISNAWIO 


C SLAN 49Ad 4AYVLIHA “YWHYD §Z “HL 44) 3MOLS ANILNOMANS 
OIC OOOO OOOO OOO OOOO OOOO OOOO OR OOOO OR OOK OOK 


EITIX NY 
HOCXAL WOMA LNALNO SHL AMOLS NY ATI4 ¥ NOISSY TIIM 3NILNOM STHL 


mets Cf © © 


C SLaN “90d 4‘HVLIHA “YWWYD 42 SHI 4d) SMNOLS ANILNONANS 
a 
SOIC COOK OO OOOO OOOO OO OOOO OOOO OOOO OOOO OOOO OOO OOOO OOOO OK IORI OKOK TD 





-~87- 


INA 

NYAL AY 

(LTO9Nd (XI-£TIALINOM 
tok XT = at 

OLIN’ T=I SGT OW 
(ITOYWWYD (CXI-£TIALINOM 
tT + XI = XI 

SOLAN‘ T=I vt OW 
(TOHVLIHA (XI-£TIALINM 
Lot XL sex 

SLAIN‘ T=I £F OU 

CID Z 20x 2) aM 

tT + XI = XT 


5& 


GT 


vt 


rT 





~88- 


ObS00000 
OTZ0CCO0 
Ow SO000% 
OTLON000 
00£90000 
06200000 
OBCO00000 
O2cCO0000 
OF 200000 
OL8000090 
OC O0000 
O£CO0000 
92200000 


OTEO0000 
O0OC00000 
06TO00000 
OB TOOOOO 
OZ1TOO0000 
OF TOO0900 
OLTOO000 
Ol LTOO000 
O£1T90000 
Of TOOQOO 
OF EOOO00 
00TO0000 
06000000 
080900000 
02900000 
07000000 
05000000 
Ot000000 
OL£0000090 
OCO00000 


9100900 O21 CO OOOOOOOKOOOKKIK 9Z=-bE-EO KK O'S NOISNAA OR IO OKO OOO OKOK OK 


aaa 


CO*X¥WO) ONL LY NSAWVHI FHL 40 AWNI0N - OLA 
MAINS0 OL YS1N39 (WO) HLONSAT GON INILOANNOD -NAINOD 
(WI) ANONLS ANIONS -3NOYLS 
(HO) S3NYO4 ANIONS - yo 
> ZANIONA/ YAYY NONWOD NI NAAII 
TaN UINOIT SHL 40 (M 9SSN-9/77V9M) LYSH OTaTOa4dg - VWNAD 
M Sa £6e LY CO/71V9OM) ISNA SHL AO ANIA ONILYSH YaMOT ~YAMO TW 
CSWYYD) JOYVHO AO SSYW TWLOL -SSYWHD 
TWeOWISAMY ST LVYHL S9MYHO SHL 40 NOILOVYA SSYW -YNASay 
CHIU MOA 92° XOMdd¥) SOMYHO SHL AO OLLYYN OLN YVIOW — oa 
VWANA AHL AO OILYN Ht9O YOON - ‘V3 
AJOMNVHO SHL JO OLLYYN SONSTIWAINOA 399NAAY - AYTIHA 
© SAIMYHO/S VANY NOWNOD NI NSAI 
NOYAd NOLTLOSFNI SHL 30 NS AHL - NI 
Oe 4M *% 4H) 4d SMOLOAA SHL NI SLNIOd YL¥d 4O YaaWNN - S LN 
NOTLOGCNT ONIMN CL)HL SSTUONY SHL OL ONIMNOASSYNOD 
SOLTLOY AINA WAINOSA LOMIOMd LNYNA S39YYSAY JO YOLOAN -AYLIHG 
NMOL AMSM SLNIOd Viv SAYNSS3YNd INIGNOISANNOI BHL 


HOTHM 18 (ONLY SSSM9S0) SHTIONY NNYMO 4JO MOLINA ¥ - HJ. 
CALNIOSHY WLY) 
SAMVASSIMA YAINVHI NOILSNAWOD DSNNSYSN 4O MOLOAA ¥ - df 
sNAAT9 


*SHYALAWNYNUd AO NOTLAINOS3N 


C OAd “UWWEO 40 4m 4Z SCNT 4SLIN “AVLIHS “HL 4d) fOTOX WI1H9 
> J9VSN 


VIVU AWIL-AYNSSAYd 
NAAT WOMA ANIONA S39MVHD WALAILYMLS SO9L ¥Y YOA ATNONY 


MNGYO SASYAA WANNA TNA AO NOILOVYNSA SSYW ALY INDW) OL 
-* dSOdYUMN A 


€O19X ANILNOYENS 


RemeeOom pO IOI OU Doo OMkOOoOOe ECO COoOUM CoO Coe co 





=8q. 


O8PFOO000 
VEIOG0S0 
Le OOue 
OF 200000 
OCG O06 
OESFOOQ00 


00200000 
96 TOO000 
OBCOQ000 
OZ500000 
095000090 
ONL00090 
OF GO0000 
OESOOO00 
O2f00000 
OTSO0009 
OOG00000 
06¢00000 
0800000 
O£L£000009 
OP OTIS ONONY, 
OL VOO000 
Or OOO009O 
OL 00000 
Ob OO900 
OTEOD005 
09090000 
062090000 
O8LOQ009 
OZE 00908 
OFL00000 
Off00000 


-TAYINOSY SWYMOIOMAANS NOILONOA ONY SANILNOMANS 


A9Y9HD AO OTLYY SINATIVAINOSA S9¥MANY LY ZI OL M3AWNSSY YOR ANY (¢ 
CIAXTW ATINAD WHOSINA GSWNSSY SNOZ LNUNA (zc 
POLE-£GE LY HSYYW NOWYOO OL SHATTONS ANY LNOAAY CT 


(1H) 


a tee Sa 


VHWUORKK TAK 40 YOLIAA 
YWHYD WALHOTAM 30 YOLIAN 


C(QOHL SSTINY SHL OL INTNNOASSYNOD 
SOLLVY SQNATIVATNOS LINTON LNA S9¥MaNY 40 YOLDIA 


Ca eo Way ca, 
C(QOHL AWIL LY ANON MYOM SAILYINWND 3O YOLODAA 
NTSINYNG NOTLOVYS 


NaL.iINM 44 


S 


YAH SJATLYINWND 4AO YOLIAA 


SYW SATLYINWND AO YOLIAA 


OHS a) SSN Te Sie a Oe 


YASWON STD NYMLNOA SHL ONTAIO STIAVINYA v*xNSOSLNI NY 
QAIGNTOYd AYY SONTISIT ON 43914 JAI 


ow LOIN. 


AVIVA SHL AX NSAIO SI YSEWNN ASOHM 


AVL NOMLMO2 SHL NO W39NIONd SH WIM SLNSWS73 WANYNYNN 
AQ SATLYSAONS AO SONILSIT WSAIVIYLSN “3nyl aI 


NG WANNA 


SMO REO ier eet ome 


(SALANTIW 


TAS * Sud VlaVa 7 kale aoe ee 


>SNYUWSY 


JA 
YWWYUS) 


-HV¥V1LTHA 


t) 

M 

z 
sONMALAY 


LINA 


relia 


© /SOANAA/ YAYNY NOWWOO NI NSAIO 
(M 94) AMNALYYSAINSL WWM YSUNIAVAD 


Yad SNOTLANIOASYN) WASdS ANIONS 


(SJ4S/0VYN) ALYY INIMS Ja 


(WO) ANVVNIW SNYOL OL dOL WOMNA Hida Ana 
(WO) NOTLIAS SSOND SNYOL AQ SNITVyY 


(WI) NOTLOIAS 


SSOYI SNYOL AO YSALNSAD OL MSLNSD dnd WOMA SNIWvy 


CW) 


MALNAQ 


ST el alt tt 


I 


(WI) SNINVYN dnd 

(CXKWI) YANY SDVANNS JN 
CLKKWIO) AWNIOAN AND 
LHOTSH SINVNVSIO NOLSIA 


— 


— 


1 


| 


TIM L 
Wedd 
OM 
JHNSU 
IWS LY 


AVILY 
JHNSHY 
ANDY 
dNIA 
JU LH 


Peery OOO COC OCC COC Oo 





=O 


OLOTOOOO 
OC OTOOOO 
OTOLOOOO 
OOOTOO0OO 
OEEQQOO9O0 
OB4EG00000 
OL600000 
T94600000 
OF 600000 
Of4600009 
O¥ 4600000 
OfL6O0000 
06690000 
OF6000090 
004600000 
O6800000 
OH BOOOOO 
OZ89O0000 
0? 800000 
OCBOO0000 
OF 890000 
OLB00000 
0EBOOO0O 
00800000 
06400000 
08200000 
OZLZ00000 


CCcH fb C#KCMHLSODILMOS/ (CYHL)SOD + *T)KCMYHLINISKTA = (MHL) YHLOAG 
CCOM fF CXKCYHLISOD)LMONS - (YHL)SOD - fH)*TA + DOLA = CMHL) 100 


Fors X => O LIWIT OL ANO OST¥Y) *LHOISH SJONYNYATID 
NOLS Id ONY “STONY MNOND OL LIFdSSAM HLIM SWNTOA 4O AATLYATNAU 
AML “AWA TOA MAaWGHD NOTLSNIWOD YO SNOILINAA LNAWALYIS 4AM Las 


J°OOOb 4°O00b/ XYWHL 4NIWHL GLY 

JC~ALEVEY  €/ AIG ISd-* 76986" f7 eel ou 
J6CLEVLTOPS ML 4$/80669E6E"/7 BYNAOTA YL 
4/ ALHXYW 4£/0E7 SLIXYW 4/TOO*Y WINS Yivd 


LINN YASSALNI 
SM Se A ie 
M191 “lost va se 


Bl “AVHL “fl 44a “nvua 4“ayna 
“HN {AVA {AYNA 4WYAOD 4“WYAOM “‘NYVAA “YLAHL “SS3N4d /OLNNAX/S NOWWOD 
Wd “TA SFL STd SYLYIILH/ NOWWNOD 
LINN 4NIVL /SOHMAA/ NOWNOD 

PISML “Weld §0OM SOMNSW 4SIWSIY “SVDLY “Oansy 
‘ANY fAANOA 4OOLH 4OULA ‘NA INOD “SNONLS “340d /ANION|A/ NOWWOD 
TANAD {MANO TO 4SSUNHO 4“MNASAM 4TSd 4V3ad “AVIHA /ASNVHO/ NOWWOD 

CSLAINIOAd “CSLANIYWNYD 4(SLINAYLIHSA 

*CS.LeINDO 4(SLINIM S(SLINDZ 4(SILAINDHL 4(SLdAN) 4d NOISNAWIU 


C OAd “VHbIVD 40 4M 427 SF NI 4SLAN 4HVLTHS SHEL 44d) SOT9OX ANILNOWINS 


x 


us 


x 


J 


019 6000 OOOO CCC OE IOS ICICC OOOO OOO CIO OCOOIOCOAOOIO AR AAD 


00400000 
OF £00900 
O0£'200000 
OE LO00000 
OFLZ000900 
00400000 
0462700000 


(NOTLY IAYNYOO 
SINHOSOM) YSASNYYL LYSH MOA YINWNOS ALYWIXONddY NY HLIM 
NOTLSAYASNOOD AQYSNA UNY SSYW ONISN TACOW DIWYNANOWMSHL 3 T4WIS 


eYOHLAW 


TaASYO “CANIMAX 4CLYSH SENHNSL *‘dWODTY 4CAONdN 4dWSLAY “COMdH 


a aaa tema 


Pee OOO 





Zoi 


OF LOOO0 
OLETOO90 


OTE TOOO0O 
OO TOOOO 
O&TTOOOO 
O8TTOOOO 
OZTLOOOO 
OF TEOOOO 
OL FETOO0O0 
Ot TTOO900 
De tooo °0 
OLTEOOOO 
OT TO900 
OTTT OOOO 
O9OTTOO09 
O60TO000 
OL OTOOOO 
OZOTOOOE 
OF OOOO 
Of0TOOOO 
OtVOTOOOO 





CCC + C¥eCMHLISODILYUS —- (MHL)SOD - £A)*TS + DOLH 


SSYWHI/SSYWY = NYAS|M 
SSUWS + SSYNYM + SSYWNY = SSYWHI 


SSYWN = SSYWS 
LNAWAMYINI NOILSOCNI LSTA SHL = SSYWA LAS 


MYASaM = dISay 

(FNID LYONS / LSYWA = SSYWU 

LSYW4A - SSYNY - SSYWHD = SSYWM 

AVIHA kK 4 * SGYUNY = LSUWS 

(AKAVIHd+* T )/SSYNHOKCNMASSN-"T) = SSYWY 
(‘SL + ISdkK*BSI/('b + SAaK'B) = 4 
(Ta0x0'b + O'T)/(190x0'b) = Sada 

SSYWM ONY “SSYWN4A “SSYUWY ALNdNOD 
ANNILNOD 

4 = 1S714 

MLOKCCT-D)HL - CIOHLKCA + LSYT4)*KG* + (2 - DM = CDM 

CCIOHLXMLO) MHLOATKAIVIGEKCI)d = 4 
: SLdN “© = I OT oO 
CCT OHIKMLT)MHLOATKAIVISAKC Td = LSYT4 
‘Oo = (TM 


°"O = HVUWWNYD 


O*°E/ANOULS = TS 

AMOYLS/NAIOIDK* SE + O°T = ed 

O° ET — &XxXCANOYMLS/*EXNZSINOD) = od 
ANOYLSXAYORKANONKBYAOI A = Td 
ANOV 


MYOM ALNAWOD TINY SNOTLOINAA LNSWALYLS SHL YOA SHSLAWYNYd dn LSS 


CCXX4O* TI TNIWY § O°O) TXYNY (XX) dIW 


CYHL) LH 


Hi 


OT 


©) 


eS 





Oo = 


Ce? LOOO0 
FEPTOOOO 
OL 9 T0000 
OEP LOOOO 
OLTIPTOOOO 
OOF TOOOO 
OSCTOO0O 
OHO FTOOOO 
CZ EO OCO 
hee OOOO 

OLE EQO0D 
OS EOOO0O 
OLOEOOOO 
OT tOeo 0 
OOLTOO00 
06’ T0900 
Ot TOOOO 
OLY TOO00 
OF EOO090 
OS’ TOO00 
CV OOO 
OV 20000 
OE 0000 
OE OOOO 
OFLTOOOO 
0OL£TOO0OO 
O62 TOOOO 
OBE TOOOO 
024670000 
OF 20090 
OLETOOOO 
wae 2 FOOO0 
OZ¢TOO00 
Oe LOOOO 


O43 = AVYVNA 

OHY/O*T = AYNAA 

OHY/AWISIKSAYd - *OOOTKAITHLN]G = Os 
CSUWOHMIT *LMOOHMIT fOHYM 4 LHNSID XK 


‘AHNSO fd IHLNA § WISAM “TSd “TaN “AVIHd “NL “S3Nd) TAONAN W1V9 
JIYVHD UANMNANA AO SATLYSdONd TWILINI LA 


"OOOEHKC C8 + Sdax SG) /(SADKEVS* TE-946G°STT) -— CYSMO WW) SHY) 
SAYAI/(90°B + TWHIKB0°96)/ TA0K2ZG0 * CBXNL 


AVANA 
AVANA 


i 


i 


VWaNsa AHL JO SALTINSAa0N Ss 19 ere eas 


C(YKOHY) /AYWXXATVISAKSANGA AL 

TOWL/ (MYASSMEAVTIHAKC ? + SAAK*°B) + ISdkK*BE + *TE) = AYWX 
MYASAIYAVYTHAK(Sda - Of) + TOWL = TOWL (O°T *19* AVIHd) JAI 

N4AS SUK CCSeda-* TO XAYIHA + O°T) + TONL = TOWL (O*T *37° AVIHA) ATI 
CNM SS =O | lord TOW L 

TONI/( SSYWM + SSYWY ) OHM 


H 


i 


JIYVHO VWANYNANN SAO ANNLVYYNSAAWSAL TWILINI ALVINIWI 


ZNNY 4A *X ONILVY IAN SLNVLSNOD AZIWILINI 


SSVWHIO/JIONAI = YVAN 
(YLAHLKYLO) TON = WAI 
(Tod = SAMd 

(fLOHVLIHA = AIHA 
(TOHL = YLAHL 

©O: c= SeCis) } 

10 =e 


THIL HONOYHL ONTAOOT AMOARA SANTVA TIWILINI J4N LAS 


AYVIHA = LYIHSA 


ES Ces 


r 
we 


o 
& 


a) 





=O3— 


CCEIOA£ CT OAYLIHAS CT OYWNYDS (TZ) CLNNAX TIWD CNTWL) 4I 
OCBTOO0O0 


OLE TOOOO °O = WYAOM 
92 BTOOOO °O = WHAQN 
OTB8TOOOO OHU/AWISIKSAMI -~ *OOOTKATHLNSA = AYA 
OO8TOOOO OHY/O°T = AVN 
O52TOQOO0O CANOHNT 4 LOOHNI 
OBLTOOOO OHM “LIAS “dINSO “dUHLNS “ISd 41350 “aIHd “AVAL “S3M4) GONdH TI¥9 
VoL OOO CULUAOMT “VLG 4£0O°O “AVHL “NL “YVLSHL “S3Nd) TLYSH W1¥9 
Oe O00 CAYVHL *4NYASGAY 4ISd 
OOLZTOOOO ‘VAN AUTH “YSMOW <THNAD 4°86 “NL (NL “NL “SANA) AWSALAY WI1"9 
OWEN OOOO SduYNd = Wd 
OL ZLOOOC AL = TL 
Oe LTEOOOO WAI = TA 
OTLZTOOOO Odd = Td 
QO0ZLZTQD0D 
O69 TOO90 | ALYY YAASNYUML LYSH IWILINI L359 
O89 TOOOD 
LN7C Nea 
CO/HATHAKA = EN 
TOSAVIHAKA = TN 
GIHAKA + AAYVSEID = 9 
OBS hOCO° (MYASIY -— O° TI/CNMASSNKAVIHIKA + O°T) =SNYSED 


(SSYWHIZ CSSYWATSSYUNY) )/CAKAYVIHA + O°T) = 19 
( da * SSYWNY ) / SSYWA = AVIHA 


VISHL INSMYND LY AVIHA WALIY AHL LAD 
OPB8TOOOO (OA) TINMdX TIVO (NIWWL) AI 


O°} = (TION 
TAI = LONA 


Saud = LONG 

NYWWNYD = CTE)YWNYD 
OL OT OO0O9 CNYWNWNYD - O° T) 7 OF = NYWWYY 
O92PTOOOO (dHNSIKAINOHMOKOHYXKOHM) Z CATV IS AK LOOHMIIXLOOHMOXNL) = NYWWYD 


OO 


Ovo o 





=O), = 


OL OC OOOO 
popes 

ATOZ OOODD 
OOOZOODD 
NS4TOOOO 
OBA TOQOO 
ALG TOOOD 


oo Gees 


O94 TAOND 


‘ 


NO LTAOAD 
OFSTOOOD 


OSU EAN eee ee 


OEATOOODO 
OT GTAONOAND 
OOATAQON 
ASEBTOOAD 


(ISR ACANGOM nn e ees 


AABTOOAOAND 


20 Seow oe 


INU LSNOD 


ChPMHKOP OD SC 6 


LOUTH 


Cee a ce tin 


SG eal Eh 


SSE ele lead 7 eM 


oe Care EUR ISE Le leoae 


= Ll SE er te 


Ce ee PS eed 
CT lee aH 


iF 


Hy 


OJ. LSy Wt 

SAMed = LSU yd 

Sie te eLg 

AWM = AGU 
SANT INOD 


Wo 


z. 


ANS 
a 
ws 


LVTHd SLU CTOAVLITHAY st 


CAKAVHY 7 GSU = CLIO L THA 


4K 


me se 


‘AVA 


nee 


INA + AWh ss Epp 
Oe LS © AAA ee EN el alia at 
CMAT VO = XN 
CT a2 OR Sealer) 68 
OS Et Ne | aes BR 


CA¥CQOFOLTHAY 7 GSMA = Buk 


SOUL 


SINT MA 


. 
o Stee Sees C020 Feet Cone THOT Some Hews COLE SETS UDas SENT GUS Sate CEES SOEe CEES CURE COTS Ore COE SEES SENG SEE Srte BEre SEte Sets OES Orbe COPD COPE COPE cane Care CmPS DITO eee 


Core ween Sate CUTS Fore CUNE Sate COPS OOPS SEES Sune GOOF CPE SERS SEte COPE cE e CEES COPS bOws Cure COPE cape cure COPS SERS cape cure CEPS S50e Cars cane Sere eee 


OVE AC eel ae Se 0g leet 
SSVMHIO/GSUMA = MLAS TM 
=a ane tae ; oo ae = AVIA 
SSULIO + SSUHA = SSYMHD 
SSVI - SOUWA = Soups 
ESE SVs Ge al aoe) mole 


7} 
Vd 


el SE eet laa) 


Es Sn ee 


SLldIN 4 = [ OO¢ OU 


COPS COPS SEN e COED SETS cae CEPE SEPE CEte cine SEPO SERS Ting Sime GER oF Ot Sees anes BOGS ered BOee eRe SOEs 


3 
es 


fs) 

SE eral, . 
2 SE SOG VO Cie as 2) 
a) 

care eve ne) emrelnare Heme ive ne ompe ns inn aeove mans tore nacs Sova. conse tere core) ome > On ier oo a 


=) 





ose 


Cena 


Fda # ee 


Poe ane 


(., etee cece et te 


ATE ZAONN 


AONE FZ OOOO 


oe = 


O4RZANNY 


one te 


ABE ZOO 
OSE FOOQOOD 


ce toot ae oc - 


AGE FZ OOOO 


Bee ee 


ORE PANOAD 


Ate KOON 


NEZZOOOO 


Se tate 00e 


TPP OOOO 
“OA 


ETECOOND 
ZZ OOOO 
Tec Oand 


cane, we 


NOE EZ OOOO 
OO TEOOOOD 
AQT ZOOOOD 
AAT EOOOON 


NPTZOQADD 
OETZOOQOD 
TETZOOOO 
METZONOO 
OTTZOQQ00 


ARES TOON 


OOTZANAND 


- ee oe oo 


OGOCOOOO 


NBOZOOQD 
OS OAC ANDAAD 


jo Come oe Cs ee te ee 


OOAPOOOAD 


oe a5 oo 


OROZOOAD 


NPOZONOO 


TLITAIEAIVYISAYSAMA - ATNSD = AL 
COHAKOH A) ZUITOR MIT = LITA 
Oa SE A Seen el sate) XK 
STEN TRB a aise cl eat Oot le 4S Ee set eet ele no) 
Se A ee eee ON SG) tt sain 
MLHXVR 4 = LVAHT Oct Od OOT 


AMALOMAdH SL SY) CANA FOVNAAY LH9 OL ALYONSLI Sra 
“SNOT LENO NOTLYAYASNOD AAT10S 


Si) 


LIAQO — WYAOM ~ OF = Nua 
AQUNSTE CCN ee Or) A Gee el) 
AUN SEC | Se Oy Aelia seen) 
OPTI COM eee SOs ate SPS ca ee iter tin 
CEO CS Oe a Se iN it ie ae amen taTiG) 
QHZ ATWIASAKSAMA -— “OQOOTKATHINA = Qua 
3 HNZO'T = AYNN 
CAV OMS SCO Fest States es 2 ss 
PPS Osa Tete) AO Ss at SOT Sale eS YT eet (alee eet le |e et eee 


J 


AIMS Tansee 0° Sa T Varia a Sirs ent etc aie | 


¢ 


. 8 % 
a 


CHAKAUTHAI/ CTOeAT HAD = CN 
COAL HAK =] =: cM 
WTHI¥FA 4+ AAYSAA = Co 
(NNASSM — O° TIS CNMAGANKAGTHAKA 4+ O°7T) =2AUSED 
C(SSOMHIS CSSGUMAFSGSULW YY AC AKAUTEHA + °T) = Lo 
CTIAVGILTHd = ATH! &4 
Gadd /C9O* B+ TAITXROS OSGI / ZIT ae ©e5  ¥ Tie = nen 
CWEINS “(LSU TINE «1901 “SaMe) EnNHnsl = AL 
SSOWHDZ CLS Ley : LSY1os = WAAdU 
SOVUWHISOTOM = HAAN 
SOSUIWHOS TOAD = YOTA 
NYWLIUOKK EC OADLT AKT aA = Lf 
CULAHLEMLITO TOA = WADI 





-96- 


AGCOE AMIN 


OF VF OADON 


OT 9ZOOOD 
OOOE OOOO 


se ee ee 


AAEPOON(D 


T8QZxannon 
NZGEOOOO 
POEZOAOND 


meee 


EES NAAR 
N9OEPOOOAD 


Ge.8 coe oe ee eo 


VEO OL 
AEE COO 


eeeernesBites , 


OZ OP OOOON 
Oy EON 
ONE EZ OOAN 


se fet ec 


VA OVO 


eo ce 


VS} Oy OVO 


NLP FZ OODOD 


OOWEQODOO 
ARLE OOD 


Le oe 


Mir ty SOOON 


Bee te 


NEP ZOOOD 


AYaA LOR ATATAYA. 


TOPZOO0OO 


ox, ee 


ATP ZOOON 


AAYEOAOD 


TAEZOOOD 
AGSPAOQOAN 


NASP AODOD 


AVA ATATATA 


OV EZ OOO 


me oe *¢ ee se 


Ge 2nnOn 


ex ieitsccoes ee 


Celi * 
(OT YUL 


CAT AS OK A 


OO e Neat le) eA Sel 


YU YAGNGUM 


Vere alan) 
oep o 


ee eae ab) (ret fh es 
KK OT LENA- AWAD 


NTN 
NAA AM 
a 
ANNTLINOOD O0¢€ 
CYOMTOLTHAS CTV 46 CTV ZY UNM AY TWO CN YWLY AT 
LIC) KK TONAX LONG ZO CT OWLUOKETOADK CTIA = C1904 OGT 
CAULIMOC)* AXA NOH) eC IY 9 TY) CT YUNWYE) 
fC 3Z)A0 Ws 4Xx 
LOU AZ GSU PEM KON os (J) 
JOM = LOTT 
CAUWHWYO -" TZ *T = WYUWWYS) 
OH MIX OHS KOHM) ZA TY IS De LIT OH MIT DITOR IDR LSU py ps TU LW 
SANT INOD OFT 
ANT L = Loup 
BMAOO -— MMAOM -— OF = Mut 
SSYUHOZCTIO = WYAOY 
DVS COVE UOEVG I pV oe eee CIN Slee Tanita 
CLITA 4 Litt ory * 
HOIKAETA “AWA “AL “WITH L 4“SSMd) CLYSH W1y9 
C1ILENA - AVA ZONA = oR = x OT 
J 
Se Ge ~ 
LOA ALON ONY “A0L9SNMTO ¥ FLY INOW Nae 2) 
“7 


Oe le Te tS) EES 4 aa 


CWEIMA *L1! CLSU TILA 
LTO Ze) 

CILENA — AVAAY*CILINA 
SOILENA — AVA KCILTINA 
(ves ~ PLT OTLENA 
LUNA - MYABIZOULIAN 
RY ~ "O00 


¢ 


ANNTLNOD OTT 
soe ah elae 


t 
8 


LY) TYWity 


LIE AY L 


It -— *PIGAyW ) YT 

-~ LGU 141 = AIT L 

~ MYT) ) * 
~ MUTA) = J 

~ AUAAY Y * 
—~ MOTAY = WLAN 

T¥ITHINSA =  AWIs 


OUMZ¢ T=: 


AYA 





=O7 — 


Ons LO OOO CQHS/7WI) HLAOW AND LY ALIVONWAN Wix¥ 39NMNaAY - ei) . 


Or SOOOOO (QHS/WI) JNO AHL 2) 
OELOOOOO SIITSENT ALIQOVA CIMIMS) “WHLIWIZY 399MaAY —- CLA ¢ 
OZLO0090 CQAS/HO) SOIS AND LY ALIQONWA IWINYYN 39YUNTIAY - EMA cs 
OTEOOOOO SSNMML AM ‘) 
OOLOOQOOOO CUS LON? (M OS) SMALYYSIWSL WYN MEWINITAD - Weems : 
O4E00000 CUS LON) CSLANIW MSed SNOTLMIOASYM) USS46 SNIONA - Wid 2 
OBEQOOO0 CQSS/I9YM) ALYN IMIMS Jaa - Onn a 
OZE00000 CWO) ANG VANITH SOMOL OL SOL WOMNSA HLasd AND - Jans a 
OP C00000 (WO) NOITLOSS SSOMD SNNOL AO SNITYM - "IWSLM a 
ON EQONNO (WO) NOILIAS é 
OF EOOQO0O SS0OM9 SAYOL JO MSINS9 OL MSLNS9 JNO WONA SNINO"N - 4YOLM J 
OLE OOOOO (WO) SNTWYVYN AND - DANS 2 
OEZ00000 (36M LON) (OKKXWI) YAMY F3QVAMNNS AND - aNgay 2 
OLEOOOCODO (EXKWI) SWNTION AND - ANIA 2 
OOZOOGOO CWO) MLNS Ws AOL LY LHOTSH SONYNYAIO NOLSI4 - LH J 
OETOOQOO COXKWO) OL LY MSAWYHOD FHL 30 AWNTIOA - DILA J 
OBLO009O99 MALNS9O OL SSLNS9 (WO) HLONST WON INTLOANNOD -—NIINOD 9 
OZTOOOOO (WO) SNOMLS ANIONS -3NOMNILS a) 
OP TOOOOO (WO) SMOS ANIONS - ayo 2) 
OS TOOOOO > /ANTONSA/ YAYNY NOWNOD NI NSAAIO 2) 
OF LOOOOQ C2Y¥eHO) MSINITAD NI SY9O WSANMNA JO SWNION WLOL - W110” 2 
OE TOOO0OO (QULY 93501) STONY MNYUNO - YISHL =) 
VEZLOOO09 SN3AAIY 2) 
OE LOO000 SSMALAWYNYd AO NOTLALYOS3O a) 
OOTOOOOO 2 
04000000 (EZA “ELAN SEMA 4H TON “VLAHL) TWASYO WD a 
02000000 39VSn ) 
0290900000 a 
OP O00000 AINTONA SOOL SHL NI SSILIDOWA SY¥9 NYSAW 19907 A3LYINIWI| OL a) 
ONOO00000 ;3SsSo04yNNA ‘) 
OFOOOOO0 J 
OLOOQNQOD WASYOD ANILNOYANS 0) 
NEOOOOOO J 


OT O00 00 OOOO OO OOO OOK OOK PZ £O-TT OOK O° T NO TSUDA OOOO OOOO OK 





-98- 


Lain 


(YLSHLAMLOD SOO = HLSOD 
04900000 - 
098900000 YLSHL NOM LNSONAI31 SALLILNYNO ALY INOW) a) 
02900600 5) 
OP 900000 CtKOKM EN) ZIMOLNIXO' cb OM/ CtoKKH) KOANGH = c) 
04900000 CLUMMYLUMMEG' + GZE° OK CSO ING LM) KLYUMMKT ed = TMOLNI 
OL OOOO M/(AMOMLS + OULH) = OX 
O£LPOOO0O QUKMA TA) /d Non = M 
OZ9000040 9 
OF2900000 INSLM/AVYOLM = LYMM 
OOPOO000 COT + WH bt + WKN LMOSZO°T + O°T) & CW/GE* - O° T)LMOS = 31vISA 
046500000 M/IANG ‘ = ‘] 
OLLO0000 O°T + 3NOMLS/NSINOOKO*S = TA¥YAOT 
OZ800000 O*T - (aNOMLS SXINOMLS) /NEIINODKNETNODKO b= W 
OP 500000 O°e/aNOd = M 
OfL00000 d 
OFLO0000 AMLAWOS9O SHL AO SLNYLSNOD AZIIWILINE ; 
OLL00000 ‘ 
OZ500000 JSELEVLTO*S ML “/SES9ESSTOTTEY Id vio 
OTSO000D “IMOANI “TAVAOT «WoT 4M Yay 
NOL00000 TIM “Wad “OM <ONNSH <IWGSLM “d¥O0LM “<OHNSM 
O4400009 ‘ANDY SAMOA SOULH “OULLA “NSNOD “3NOMLS “3MOU /SNIONA/ NOWNOD 
CBLO0000 (EZA “CLA “ENA “TION “YLAHL) “ISAS¥9 ANTLNOMINS 
OL-00000 3 
09 100.0 CO} OO OK YOO OOO OR OOOO OOOO OOO OOOO ORO OOOO OOOO ORO OOOO OOK ORK KOK 
O84 00000 a 
Ot lOO00O NOLLYNOE ALIONILNOD ONISN SISATIYNY BWNION TOMLINOD ATAIWIS ) 
OL OOOO9 SWOHLAW a 
O8tO0900 y 
OTtOOO0O NOLLSNMWOOD WOM4S ONISTMY SNOILIGNOD NOS DHLOSYNMOD LON (ze ‘) 
OOFO0090 Ltte-£60 LY NILMYW ANMIW OL SHE TIOMA ANY LMOdIM CT 2) 
OS£00000 :SNMOWSM a 
OBEO0000 ’ 


OF ROOD 
A READT ATOR OT ONS: 


ANON 035M SHWYMOOMNATNS NOLLINOA WINY SANILNOYANS ) 
2) 





(Kos 


OL4609000 
Ob’ G9O0000 
OFC O000 
024600000 
OTe OOO 
99609000 
OS800000 
OBLBOQNOY 
OLBOOOOO 
OF BCQ000 
OO BOOD0OO 
OF BOQOOD 
OLBOOOOO 
Oc BO0009 
ORB 000900 
OOBOOOOD 
OOOO Oe 
OV ZOOO00 
OL290 09000 
O09 200009 
ORZOO OOD 
O20 0000 
OF COODO0O 
O02 £O0Q000 
OTZ00000 


XYWAAKLYNZA 
JHNSUKOMKLYNLA 


XYWAAKLOYMMA 
“OLS AWISAKAMONLSKW AY KI 


H 


i 


| 


iH 


SALDLIOOTAA ALVINIWO ONY WSasdS NOLSI4 WAWIXYW SLYINAOM 


COXFO* TIKOXI SC COX4+O*® FIXXIKCOTT -— EWOLH) - EWOLA 


COXKHMHT FOS TOROX + OT TIISLYONANKCO*T -— ENOL) 
COX + OF FIXXEMKO*E) /OANSYKLYMANKCO*T - CWOLM) 


ae 
m~—m 


ij 


UNA 
NAA AY 


LZ) 
ety 


Lun 
XVWAN 


Elbe el lic) 


LULA 


J Le Ba PAT 
LYYYA 


SALON NI SY SOTLYYN ALIDOISAN SSAINOTSNAWNIN SLYINI WI 


CoH 7 O17 
Niele 


A IS07 CS 7H SOC Oval Challis 


AWALKUKYKTAXKAMOMISKG* + OLA 
eS Oe oko et HO 


G - H1iS09) = Tavao07 
(Wo + HLSOI*KHISOD) LYONS 
(YULSHIKMLID) NIS 


CWOLY 
X 


LOUYdIA 


Oa 
LH 


AW SL. 
S 
alas 


J 


Sto 





~100- 


OSE00000 
OE00009 
OLL00009 
OFL00000 
OLE00909 
0O£00000 
046200009 
O8E00000 
OLE00000 
0PE00000 
0660090000 
OFE00000 
OLE00000 
OfEZ00000 
OLEOQO0OD 
00200000 
06100900 
08100000 
OZT00000 
OF T00009 
O5T00000 
Ob £00000 
OLTOOOOO 
O€TO0000 
OLTOOOOO 
00100000 
04000000 
08000000 
04000090 
02000000 
06000000 
01000000 
0£000000 
0£000000 


OTOOQO0 Cx OO OOK OO OK kor Kwok kk 


CWLY) AWNTL SONHNSASM LY AYNSSIM 


> SVLYIILHZ YANY NOWWNOD 


CM 9AM) AMALYYSIWAL TIVM MSQNIWAD 

CUASA LON) (CALANIW MEd SNOITLMIOASYM) WAIAS ANION] 
C(JQSAS/T9Y) ALYY INIMS Dig 

CWO) ANVIATIW SAMOL OL dOL WOMA HLdad Ang 

CWI) NOTLOSS SSOND SNMOL 4O SNITYy>4 

(WO) NOTLOAS 

SSOUI SAYOL AQ MYSLNSD OL MSLNAD JNO WOMA SNIMYN 
OOD 2 S11 Trier ho) 

COXKWO) YANY ABVANNS AND 

CL*KKNOD AWNTOA AND 

CWO) OWL LY LHOTAH SONYNYAT9 

COMYWO) OOL LY MSAWVHD FHL AO SWNTON 

SALNAD OL YALNSAD (NO) HLON| 1) WOM OINILOANNOD 
CW SeistO Doan TING 

CN Oa eel esl! 


—— 


Td 


NY NAATO 


Miva 
Wl 
OM 
SHAS 
“IWS LY 


AVYOLY 
JHAS MY 
ANOY 
ANIA 
JU LH 
JU LA 


-~NAINOOD 
~AMNOYLS 


eted 


AYO 


> ANIONS YAMY NOWWOD NI NAAIO 


CLKHXWI) SVO GANA SHL 40 SWNI0A 

CM 930) AYALYMSAdIWSL SYO WANMNA S9eyNsAY 
(NM 930) SYNLYVYAdWNAL SYO TSNNMAINA F9¥NaAY 
COULY SAN) AIINY NNVUYNO ONTINNOASSYNOD 
C(WIY) AMNSSANA YANINITAD S3Lniosay 


WO” 

WL 

Mt 

7 aa: 

cd 
*NAANTY 


PSYALAWGYVd AQ NOTLATYOS3I 


CLONOW SLOT “HON “HL “NL AYLSHL 44) CLYSH 


TIV 9 
* JNVSNA 


ANTONS SOMVHO CATATLYYLS SOOL Y NI MAASNUML LYSH ALYINDWI OL 


edSOdYNd 


GLYSAH ANTI LNOYAGNS 


¥L—-LO—-TT *KK OFT NOTSYEIA OOO OOOO OK OKK KOK 


tant 
ee 


Pere OOD OSC OOO COO & 





-~101- 


VOZO000CC0 


OT > CxXX CANONS /NAMNOO*KO(e ) = CH 
OG2 09000 INOYLS/NAINOD*KO°SE + O°T = TH 
O8POOOOO J 
027900000 COOH # OXY CMHLISODILYNS - (CMHL)SOD - TH) *KdSUH + OULH = (MHL) LH 
O7F200900 CCH + Ce CYHLI SOD) LYDS - (CMHL)SOD - TH) *kdSTA + DOILA = (MHL) TON 
OE OOOO° .) 
OL O0C00 SOG/ SLIXYW 4/S500°/ WIIQNS YLyvi 
C2 O0000 SIEBLYG fe |G Amore 
Ve 7 OOD0S SOGCLGVLTO'ZS ML §/E9E6ST VT S/S Id YL 
OOO 00 J 
002700000 Wd “TA 4TL 4Td SYLYULHS NOWWNOD 
OGN00000 SUE ae is at ius Vie aegis) Cary ee XK 
OBOOOQ00 ‘ANOY «INIA SDULH “OULA 4‘NSINOD “SNMOMLS “SMO /SNIONA/ NOWWOD 
OLN00009 CLUNOW “dO MON 4A SN SYLSHL 4d) CLYSH FNILNOMHNS 
O27 000 J 
OS 50.0.0,0 C2 OORGORK OO OOOO OOO OR OK ORO OOOO OK KK OK 2) 
OFl90000 0) 
OLGOOO0) CT£6029 YAAWAN Y3d0ed AVS 35S) NOILYISNNOD S,INHISOM ) 
OL LOO000 sHOH LAW J 
OTS OCC GO J 
000,090000 Tive-£Ge LY NILMYW AMIW OL SWATHONA ANY LNOJSN ¢(e 0) 
O6bFOOOO0 LNOYS SWYIA WOIIOMOL WAWNSSY ¢(T J 
OL FOOQOO 7 ONYOWAY J 
Oot COO00 J 
OFT O0000 nas VS J 
OSGi OTC O STAM INOAY SWYYOONIINS NOITLOINNA NY SANILNOMANS 3 
Ob O00090 2 
OF OOOCe (J497 IoD - 
OCwOD000 TIM AHL OL SYO CANMAANA WOMA ALYM MSASNYML LYSH -— LONI 
CACO IONOL, CJ 57 Way J 
DOO OOO TIVM SHL OL SY9 DANNAH WOYNS ALYY YSASNYUNL LYSH - LOO J 
O62 00000 eSNYMNALAY < 
OBZ 9OO0009 CWI) SINTONS ONIMOLOW SHL NI SMNSSSMd LNA IWAINOA - Wed J 
ORE COCO0 Ca) Det Teil gee a) Ned el et cl et ed a a) J 
DOO OOOO (M 930) SWIL AONSMSAAY LY SNNLYYSdWSaL —- TJ J 


ie 





-102- 


O00 T9000 
OvrOTOOOO 
OLOTOOOY 
OZOTO9OOO 
OTOTOOQOO 
QOOOTOOOO 
96609000 
OBEOQOO00 
O2S00009 
OF EO90000 
OF 690000 
Ovr600000 
OL4600000 
O2690000 
OTE90000 
004600000 
OE8BO090000 
OBBOIOOOD 
OZBO00000 
OP BOQOO0OO 
OSGBOO009 
OtvBO0009OQ 
OL EBOOO000 
OQEBOOO0O 
OTBOOO099 
YOOBOOOOYO 
GCEZOG0009 
O08.200000 
02200990 

0? 200000 
Of4Z00009 
Ot ZQ00000 
02200000 
OE LZO0000 
OTLZ00009 


(Bo eX CTIG AKA) KCE 


CEZANNE ZO 7: 


Bae aes 
NOTES et 


2) a) lal 


SIO PEO stealth tS. Sil 


aadal IN Jol te Ve i 1 


O007 27 CUCL a) Kk Kin) Kea 
O009L7 (C2 a =) KEW ca 


CB OKKC COT ASA TAD RC TAS TOAD) KTLKED + WOXTD)) *KYNLOVS 
SKK O07 S00) Ort 


CO Wale Sac NY 


LaOKE A + Silk AOS er Oo 


acs 


Rete 


‘Ldn “8 100 “Visti Ihav9) 


HY - VANY 


PIII D7? tore AMIN AO) eM = a CS eae 


ANIV 


CLHOKO%E + WYN) KOVYKTA + doy 
(CH IONS *O) EXYWNY 410ND ) FTNIWY 


(VIFHLAKMLO) TON 
(VILAHLXYLID) LH 


*€/AN0N 


O° E€/ANONLS 


O° 8/ ANON XAYOAKT AKANOMLS 


i 


i] 


i 


HH 


Hl 


HH 


NAH L 


NH 
WH 


i 


YLOVA 
4LOV4 
A130 


= WO 
Ge 


= TO 


: CXKWO/ 199 OL LYAANOD) 
1WISOM ONISN JNSTOTASAOO YSASASNVYML LYSH SHL ALY INIWAI 


TIVO 


SUTSNE Galligan svor rac 


NV 


HA) dl 


HY 
VAYY 
H/) 
TON 
etl 


YY 


SUAMY YAASNYML LYSH ALY INI WI 


ASUH 
ASIA 


ooo 


=O © 


ne 





-103- 


NINA 
OS9TO000 NYNLAM 
OBO TOOOO J 
OO OOOO CTIVML -— ALIENHKAY = LUNDA 
OP OTOOOO CTIVML ~ HLOIKTHKHY = LOO 





Oe 


OICIOCIOOOO COC OOOCGOCIO OOOO OOOO OR ORO OK OOK OK OO OOOO ROO ORK x Kk 


ae & 


ANTONS 
IJ 


TVR 4 Weld 40M 4 INST AIWNS LM VOL 4 NS 
PANY 4 INIA 4 OUELH 4 ULL A SNSTINOD 4 ANOMLLS 4 FOAZANLONA/NOVHOD 
TANS INOTY 4 SSYWHO 4 MYAS AM 40S C1 AY LHAZ SOMVYHO/NOWNOD 

C INAV 4X) SAYAA 4AVOA {LIS A LHOOANN Te SNTLNOMIAS 


ANAT OL ASSOO LNAWNTYMLNA FWY LGACIY NY YHA TY 
AINATOT ASS JINLAWN ION SA9VNAAY BSHI- AsaAa 
NE, SA Ce ee E [ iia 
MALAY ANIA ANUINT SGHL= won 
SOLA AD ieee) 1) hele Sal see) (lees Al 

POAN WA WANT AST A VIVNMALNT 


AWTS LYALL NI QaNTYMLNE NITY 40 SSYW SHL- INaY¥ 
> ONAL SM 


LNYOT SSYW S9ONVHD AQ NOILOVMA Wadd 19 v- xa) 
AWOITSAMY TING MIY SHL AO AWNTIOA JIAIDAdS- aynna 
OVO LNA SHL AO SWNIOA DIATOSAS-— AVIA 
LNAWNTYMINA SOS IWANALNT AW1L- Lad 
LHOTAH YAMWVHO NOLTLSNAWOO- LH9 
NS Onna) 
POMALANVYYA AO NOTLAINOS 3 


C JNAY £KD SAYNA “NAVAN “LIST “LHIDAWN IA Wiv9 
2 Nil 


"NIV AW TASOdONd THIOH ONIXIW FHL ONISNA 
OID Y NE SLONGOM NOTLSNAHOD AO AWN1ad ONINMAY SHL NI 


yen OS INIOHY aH ALVInDIsa Vili ANDUMGY Sac 


AWN ANTI NOAINAS 


~~ 7e*%8 Ff % 
ees el (oye ea gees 


ee oe es OO 


ies Sits oo 


~ WV OO O 


& 


CCCI ICICI OOOO OOK OR OR OOO OK ORO IOI OO OOK KO OR ROR CK RO 





=i05— 


LAT KAN KAS KC CAUNAKAYIIA) 7° 


HN | 
NETOV Ya 
Pe SNe Ie a eee ete dea it 


S' OKC VWWATK VAI) ZOKKAINOWVAWIMKAMOMLSEAAAIREE OO = TIN 


a Ge 


VM KIGY * ¥'6e = YS 


CASNKEL*GT/VNAYLNUS = “LIM 


Cle TM) kK COINSM+CTAM-ASM) KOE) x Ve et 


0045 OL 09 
LHIK OVA ASHI EBE Oe 4g 


mE OKK( CLAN-CHN) /(TIA-VAA) KOT VNC eIM) alone 1 


“¥ 


CHKAN * bSEZLZ'O+ LHI x ¢ 


OO GT Gil oe 


25 sels met (cs meme, 


ELE OKC CEHA-LIN) / CEAA-VAA ) PACE Vel Ste ole tse mel 


OOT OL 
OT tac 
Oe Cel 


00458 Ob OY 
Pele eS 
CHEK IO Sk By Se eee 
OD) “CENA sce OU ene 
OD SG ei a cel “i eel] 
Oe ae SO Near LI 


XD) * SSVWHI * AVHA = YA 


CHORALE | 


CLHO-Tdt+doY—*e/3NO1) kvGBL°O 4+ C*KAMOT x LHD * SOZ°O = HA 
CAR IQTKCLHD - DHNSMI* VGGZ'O + TAKISM x HO * ZE°ST = cnn 
AOS Ted el M2 ree nai 


Ae C7 e000] eel | 
BIN Teli 

Tet = Die 

JINSM KS = AD 

ldo) Seo TU Selec) 
£0°O VIL TY 

Tse) eels 

OOGtt ee “WA? 

Ot = IVA 

O° Yo GY 


“HEIN UD T“ILETENG 


\) Q) “4y 


Grea 


O} | 


OO] 





EG= 


gOa¢e 
Ore 
gee 
Os 
Ore 
gac 
D&E 
OVE 
O26 
QE 


Ore 


As 
Ole 
OEsG 
OG 
alae 
Oe, 
OS 
OB T 
() Lok 
OF 
Ont 
Nal: 
Oe 
Oz T 
Out 
OOL 
O& 
Ce 
Oe 
OS 
ONG 
() ty 
Of 
OC 


OT 


edn: 
er cele 
alee 
dL I 
ee 
ele 
euleedee 
eet 


nL lM! 
dota! 
aL AY 
le 
eee 
ewe 
eet 
els 
eee 
dules| et 
eee. 
414 
aed 
canted. 
4 Aly 
ees) 
ae 
Pa 
eleleelie, 
alba 8 
aac 
eels 
td's 
ad lt 
of Ll! 
Ashes 


CLL WOR OR OOO IOC OROOOOORIORORIOROIORIOORIGOROOORIOR OK OOOO OOK KOK KKK KOK 


SONTS “ROMANO SIWMYNOSVAM YOA NM 930 009 » 3A LSNW ASML 
7 OMYUW AY 


(sy 


AWAL {NOH 
SUAMTONOAY SHYMDOUNdHNS NOTLONONA ONY SANT LNONANS 


Cx Sap 
SLINIOYe NOTLSNHWOD LNYLINSSY SHL +0 SYNLYYSdWaL 


SAOMGHD TWLOL 10 MOTLOYMA SSYH Y SY NOTLOVNS WewhKISay 


OLLYY OFN YOON 

OYLIVY HsO NY IOW 

AMALXITIW AHL AO OTLYYN SADNAIWAINVA 

CI7 IVI) Wana SHL 40 San ivn INILVSH Yano 4 

CH 9aT— 97 123° Shs an 420 eae ies 

CN Dall) 

MSYASIa SYM AMIVA ONTLYSH HOIHM LY SNNLYMSdIWSL 
(N 9a) SYUNLVYSAdWaAL and 

CM O80 NID NOLTLOYNA TIWOAWISSYN SHL 340 SYNLYMSdWNSL 
C2) SSN Wa OF el ees ie 

(WILY) SAYNNSSAYd ALNIOSHY 


TOM L 
>SNYNLAY 


= aoa 


isd 


Net] 
THe 


~YAMO TW 


TWANAD 


Aa a 
es 
‘tL 
ae 


Bs 


sNANT9 


POU AILANVYVd AO NOTLATYOSAU 


CUG ates aoe 


SL Col SI 4 all * A WO 1S et 6 a ae et ee hd Stet ea loa 


7 A9NVSN 


NOTLSNAWNOD 
WI0-OH YOA SAYNLYMAIWAL SWOT OJILVayINy 3LVINIWSI OL 


*4S0dyund 


dWALAY ANTLONOYANS 


as 
w 


) 
=) 
a 


Me 


OLVCVOVOVUOEV VOL UNDO ULVO COO LOO OCS 


J 





-107- 


Oe 
OO 
O49 
Qf 
OZ° 
Oey 
OG 
Qteo 
fle 
Oe 

OT? 
OO 
O6% 
Or 
Ora, 
O9G 
Us 
Oe, 
OG 
Ores, 
OLG 
Oe, 
Oe 
OG 
OA 
Oo 
One 
Ot 
Oe 
Ook 
Onin 
OO 
OSS 
Ores 
OOo 


oll aI"! AP LOZ LTE CALE TEN AD + TEN AHO KCNNASSNM -*T) + dANSH = JdYNOSH 
cha THe ILM IANAZ COEHHOIY (Sd3-*T)K*S + COOHOXSHSA) + CNSMOTOISHY = WNM4AHO 
ele! 0) 
rele leeelites Ac WINS THN WLOL WY TINY WSNd SHL 40 NOILYWNOA 4O LYSH LAY a 
el) t's! a 
ele AMLOLZIMYTYKONNASSM - O° TIKCYLIYANSH + AHNSGH = JAHNSH 

ela ‘) 
lees NIV SHL AO Ad WHINSA SHL OV J 
Pree < 
All! ATNSHKNYASAN = AANSH 

el ta! CAVEAT 4 ASAT 4 ADEN 4 AWN 4 AWA 4 AHNSH 4 ISA 4 Va 4 THA SNL 4 a CIOMAH W149 
cl 

“ddl '! WAWISSAN AHL JO AA TVYHLNS L359 


cl a ol I 


AL lt! LMISNA + LMMIVY = LOLOL 
Ad lt! THak¢*? + SHdOK°B) = LMNTSNSA 
ef cle! ISdk*BE + “CE = LANIY 
elt! (Jatbk* tb + *TO/SCTSOxk'*b) = S43 
ell. cf! 

LL cl! LMMIY/SEMAON & CCR -CLA°OVEL AXA ZS OB9PKISA + T 
oAL AY C*E =~ (L/S*O£LES) AXS)/°O9bY + LECISH + *T)K°Z) = CLIYHNSH 
clad MIVY AO AS TWWHINS YOA NOTLONNA LNAWALYLS a 
eh dG! 3) 
lk! /862° 29-450 'v6—-/O0ECHHOS‘ECODHO YLYO 

Ads /E-AOL* /SANIAD* /E-ASKHLS6Sh6*/ENNON VLVI 

Ll ¢) 
LL ls! (TOM “NNASSN t 

dl! 47 SATS 4 THe YANO “ANAS SSM Ad MU sd) 4WSLAY ANTLNOMNANS 
LILROOOOOORORO OR OOOO KORO OOOO OK FOO OR ROOK ROR OR OOK OR ORO OOOO OR KOR KOR KOK OK OK KOK 2) 
cfd} S 
lel SALON WOLLYWNSHLYW ASS i 
ld ol! STOHLAW 3 
wh df! 4 
ALS INSONSSSONT SMOLYMSHWS SY OL TISWNSSY 3MY OFH UNY COD AO ) 
AlN MOTLYHMOA JO SGHIDIWHLNS SHL NOILLYLNSWS WI LNSSSMd SHL NI a 


Seo 


co 


7 en 





-108- 


OTe 
DO's 
Of 7 
One 
Oe 
OSL 
OF 2 
Oi. 
Om 2 
Ones 


cele 
elle: 
Sh leet 
Gee 
eave les 
ood 
clebeed i 
clan te! 
tals! 
clalee|l 


WNA 
NYNLAY 


CUAL SLI KON 4 XOWNNA OMA 4 SHANSH4ISd 4 1a 4 THd 4SSSNOL 4d) dWAL TW1V9 


OS = SLIXYW 
| TOO’ = XY¥WMA 
LMLOL/LMTANAKSSNDAI/ (MSMONWW)SHY + VL = SSINOL 


AWAL YOR SYALAWNVNVA LAS 


m () 6) 


: a 





-109- 


Of Seale CW1Y-9979) Lt LNYISNOD 


OV eet LY od OL LOSHSSAM HLIM OHY AO SATLYAINSO WIAMYd —dTOHNO 
ete CT aA dd ENO SNe 

Oe alll I) LVod OL LOSdSSY HLIM OHN AO SAILVYAIMSO WILMYd —LIOHMO 
OF} Se ets (00/79) SAYALXIW FHL JO ALISNAI - OHA 
OO Beers 27 a3) eer ic) mt 

OOmaall and 4d OL L93dSS3Y HLIM ATHLNA JO SATLYATIYSN WILMed - Langa 
OTe seal aid) CE Saale a) ENV SND Oey 

Cec ecaulaie) J OL LOAdSAM HLIM -THLNA AO SATLYAINAT WIL - JHnsa 
Oe cues pales) CQ/1WVIM) SVO SHL JO AA IYHLNS JIAIOSSS -d THINS 
Gs) J) *SNYNL AY 
OV ereitt a) SLOINIOUd AHL 40 OILYN OFN NV ION —- Sel 
Ocal Nc) SLONTOYN FHL JO OFLYY Hi YYVIOW - TA 
Oa ale) COTLEY YIVY/ TARAS LOIANYOD ATIDINSHD 

Oe ele AML AW WNIATO OFILYN YTY/IENA) OILYYN AINA WAINOS - THed 
O0G aks (M 9430) SLOANTOYNA AO AYMNLYNSIWAL - zt 
OC lela (WILY) SLONTOYN AO SANNSSSAY4 SLNIOSHY - J 
ORT lll) *NANTS 
Oe col ESS SOUALAWVYVd AO NOTLATYOS3 
Clea 

OS ened (MAT 4 dSUOHY 

eet * DOHA 4 OHA 4 LHNSO 4 SANSOS ATHLNS ‘4 ISA‘ Te “THA $2 4d OMA W149 
Se ele *dJOVSN 
Ce eu ale 

Cla Seles) *AMNLVYSAWAL NY SANNSSAYd 
OOF alias Ql LO3d53M HLIM SSAILILNYND SSAHL JO HLOT AO SSATLYATINA . 
oe welll to TT el SH SM SO Sa Vani OSes S ec Seam 
O8 AMT AHL AO ALTSNSAG SHL “WSYON9OI Sa AYW SHSV¥V9 LONTONd SHL 40 
O Za Allele! NOLTLYTOOSSIU SYSHM SHYNSSSYd WINY SSMALYNSIWAL LY NOTLSNAWOD 


Oe. abel st WIV-OH JO SLONUONd FHL 40 AA TWWHLNA OISTOSdS SHL S3LYINIWSI OL 


OF alle ~4dISO04dNN A 
Ot siele) 


OF alla) a) 
Oe salt 1.) 
OF IITA OOO OROOOOOOOOOOOOOGOK ¢Z/TO/8 Ok TT NOTS YEA OOOO OOK OOK KOK KOK 


W470 ANILNOMINS 


Sere moo OOM oOOUOooOCOOCOoO OCC Oo 


meee OO OOO O 





-110- 


OOe 
0 4 ) 
OG? 
oe 


S ) ©) 


Og 


() tr ¢ () 


AGO 


Ome 
OA? 
“YOO 
O40 


ae ee 


ees 
Os 
Oe 
Ce 
One, 
Ole 


OOr 


o NF seed 


Ot 
O8b 
OL 
OPt 
ONt 
Ott 
Ofte 
O&t 
Ott 
OOF 
O6£ 
OBE 
OLE 


Ot 


en 
call te) 
UE) 
elite) 
ET) 
ETD 
ETS 
“WED 
ANTS 
TEV) 
=o eG} 
eT 
ETS 
ANT) 
TS 
SET 
tle) 
AUTO 
ETO 


POLO ee ter 6b lb Y= “GO1OOC0 4 Gh Gee 4 OV ee. seme Ole 

cach “CBU EOC  =“BOZEVCOO =" GiEO “41 ZEneo “2yGevE a 

Si GU Ged eie Ey Pll ate nena Ue lO) akags beloue® ~ *TEOTZBL* TSOB9EGS*G 

Pyne Cee tO G7 UOC =*7Glcc0" *LOUL 406° =(5GG7 ot oe a oO 
SRS On tte yee ‘TOBSELO* §86469990" 4009SES'—*FBZ09 'b HOKE F 
*OTUL* £642 tv eee’? “SOF 250° 46C0Lb 0-4 TBSBBO* S* EL OVS TI/IY Vile 


a CIN FT LD 


) 
TINS OOL YO O18 OOL SAYNLYYMSAdWNSL OVT4 *O3asn a 
AY TUM GLNATOTAASOD WSLLT2 LOSNNOID SHL LYHL OS AMY 3M SONUYM a 
AMAL Mada LYHM NI 35S OL NOSHO NY “SNSALSWNYONYA SAZIWWILINI J 
J 

N4YVHW bk TYAN 

CCEA E TOT ye) CCE ST Oe 1a Nea (ante 

C7EIVEV “CFL EY NOPSN AY 

C7 )KOCE 97 * 7 O eSNG GN alae 

NUS Hols lIvoT Joa 
a 


CS Ue relent) e-em 
(OHMS LAASO 4 SHNSO 4 dS IHANSG 4 IS 4 1a STH bs dM 19 ANILNOYINS 


COTO COR COO OOOO OR OR OOOO OOOO OOOO OOOO OOOO OOOO KOK KK KOOKS 


eS, 
ate) 
IT 
lV) 
eu) 
el 13 
eI tTT) 
wld. 1.) 
HTT 
lito 
eV 
tI 
NETO 
a) 
ht 


s 

SUALINM A0 Of ALUNe dS aN eS) Seti] J 

sTOHLAW S) 

SNON <SUSNSSN SWYYOONAANS NOTLONAA INV SANTLNOWANS J 
J 

(iI 6££-£ WOON) . 


Tite=2he £9 NIINVW SMIW LOYINOD SHoa1HOs Ss S20 asSvIe Ni Ge 
Seas S SONY SiO ae C See rene 
HLIM ALNIOSHY O = | LY SI ALYLS WALYI AA TWHING CT 
>SNYYWSAY 


ASIMYSHLO O 
Sle) Oe Oe ats 
YP SES 8 O09 NY Ee), eee er CoB AS Fw AF Yat 


mee fOO OO 





-ll1l- 


OO Fei) 
OF Of 12 
OF OT AETD 
OlO teal 1) 
OOO eT) 
Oe Ouray) 
CU Ommeliaiiel 
OGG eet AD 
ee crete le} 
Oral 
O86 At 19 
Ot cee lt ae) 
OS 4 eT 
OGG tll) 
O Ge ei) 
OOCr lo 
OC elit) 
O88 ATS 
OL Nil 
OF Cita) 
fo oT |.) 
Ot At) 
Gees ell) 1 
Oe weet 
OTS ew 
OCR el 
OG Aare) 
O8 CS salt 1.) 
Oo eee) 
Oe : ai te) 
O57 All lo 
Oto? eee) 
OD fel ie) 
OC Zama.) 
Ol Lael Te) 


lila. 


CUE 


GTI Meel rere ele eC tein 


le tC Oe 
Sore Osea re noi 
mat} | | 


SO OT Oe 


Cala ° CS 6 ne 6 


eo’ foo. 


ae 


eee. 


ante ce.7 Oe 


Ne On Geen oO OOO” AG ie O71 * 


eh. -* 


Jo=- 4° eee DHA xk eo = — Gx 

J = (£)x 

te CT ed voce SOK) 2 es) 

J - THdkSdo = (T)X 

CUWINVOKUE STK’ + YLSHKOLAH)LYOS + YLAH - ) = 9 

(*T -— THs KIHAKSHAKNK* ES = YWWYD 

Tiled KC) eM + CTH ARSE = bk ed 

DE a eae eV 

CCCLO8E HZ + LIS Fake tie lek epee 

L/*OOOTF = Z 

OG Oe Os 

EMa = *t = C8 x 

"O = (b)X 

°O = (£)X 

THaEAR SAS OK CG ex 

THAKSda = (TX 

OT OL OS chon eer 
NASAXO SIOW/SSA ION NI NOILISOdWOO AHL Lad 

Ge GG 2) OC al camel) rie 

tT = NI 

© esas < O00) Sos melee at 

l =soSt (OO eae 

O = MAI 

ClaUK* Yt * ED 7 Tak ees 

HOTY *LON* = NVAD 

O° EES Lilie able 
Sie OUOsseelecOo  1=*BEevOg. & GCE e Ge. tS Oana 
iO Ousmen UL oc. = SONY TO * Aaa Be eee Bey 
= (omewmon “Pa@eelo°={“vVvOclol “ace nee: 7 
BOG eater ea | i as oe ee 
PU snOO. core Oad f° bs S465 SEGOe —~feEZeeOg ee 


oo cool ) (, 


ga) LO) Zl) 


OS LO hie sc Ctl 8 


T-“£EBESP PL AG 


BOS 8 SO Olt 


OT 


N@ Qo | 


js © 





—L12- 


O6E TAP TIO 
OS Aue) 
eee 
OP tall ts 
ell) 
Ot Pelt) 
OF rains) 
Oe Talla 
Oa Alla 
OOL TANT 
O6ca LAtl ly 
Cn he le} 
OLE Ceci ie) 
Ore allele) 
Oeil) a) 
Oe el 
Oee TA 13 
et eel ee 
( ce teat 1s 
OO fal ne 
O&TTeAtt 1) 
Ot ealhr alc) 
Oe id 
Ce aie eae) 
OG el ell ac) 
SHEE [he be 1S, 
OFT LAW 
lea te) 
OP lela) 
OOT EATS 
OF Cai als) 
O80 T ALTO 
OZOT ADT 
Cale al) 
Of Od Ail.) 


L/7AKYVAWKZBETETO* = OHN 


NV TSO SD Bbc ON Ee ait 
sa bev ata, ILI St NG Heese 


YVHW/AHNSO = ANS 
YVAW/AIHLNA = A THLNA 
(POXKIAOL + opHASO = AMNSO 
CPOXKHL + dTHLNSA = dAIHLNG 
KG dee io ay + dol = dot 
Cart eo) St. G7 CAT Ai ye he Rte 
CHL Sty St SSG Gee ca 
ote Ce (ae elie te) ee: oe (2000 9). Sedo 
Lott Cols 4 b) OU St  S Xk eC eae 
Pak Co EP RaT A Ae ALOK OOo bao) eee meine 
74P = F Ob OU 
*OO0OT/L = LS 
O07] ned 
°O = AANSO 
O°) = 2aehleNea 


Sled LAU NV Wel Sool Nel) terete 
a Pa SNES Sa EN IN eee a ita) cee) 


SAIOWL/ CIS AK* BE + *EX + THdk Cte + Sdak°S)) = YVAN 
54 JOWL/ (FX (TX 

9° = f .Oe on 

SanOW lL CHS tp ae 

SaagOW TL CNY ail eee 


Coed ree) oneal chests meleeyest 
ye) lee ih) le iatect eh ad Shel ite one 


i 


LHOTSM YY INIA TOW 


Hoesos eae IIIS UN SNOLLOYNS SIOW OL NOITLISOANOD JHanNndgo 


LS 
0 


x 
(S)X 


It 


Ov 


O 2 


-~ 


G 


, 
& 
eo 
2) 
a 
t 


03 © 


o 


2) 


Cad 
we 





~113- 


Oe eeiedlio} 
OF’ TA 
Oc TAIT 
OT’ fC Altl 13 
OO FeAl dD 


INA 
NYA LAY 
ANOW 11 J 


© 


S/OHYM = JUOHMIT 
L/OHY- = LUOQHUYH 





' 
‘ 


ace 


OOS 
Oe 
OS 
OCs 
OLS 
OOS 
OGG 
Oia 
Ora 
Ove 
Oe 
OVE 


() cs nw. 


em 
OCG 
Ogre 
ONG ier 
Ooul 
OUT 
Oval: 
Ot 
Ocul 
Ott 
oa: 
Oe 
OFF}; 
OOT 
O40 
OBO 
OLZ0 
O99 
OOO 
O¥Q 
Oo 
Of0 
OuleO) 


CSCue 
Sesue 

ry 
SAMIT 
Cyne 
Sail 
SAMI 
SAMI 
Sl 
SAM 
Sit 
SAMI 
Sol 
SAMI 
SAMMUT 
SAMI 
SAM 
SAMI 
SAMUI 
ener Ul 
$} ae ¥ ; tT 


G SA} ‘ : I 
OAM 
Sieve 
SAMI 
AA] 
SAMMUT 
SAAN 
SAMI 
SAMI 
OMT 
OMIT 


CUM CORN LEE + ZHUO%—9T)/ACEKKZKOG* + ZKBE TT —-*T) = XAT CHOIM)AI 


CXKCLRPE* + EDS CZ RECL Se eh = CNG a ame 
A/G a) eee 


CK COKE AUKI OK ES + CAUK TE + STIKGLI/SCAUKPOK*E + GLOKGL = YX 
SOK LE = Gl 
VRKSdd = dV 


CAKE) 70S = ui 
CXKL/SOKC TES ckvar sos) = dLdyad 
COXKSAAKTE — *TKXI/N- = LAX 
d/M- = XLANA 

GRKL/AKGALCTOS = KdALIN 

ISdk cc + Sadak G20 See 
S43 4 Sd 20nd 

OdIKGASE* T = vO 

“OOOTKCSdSK*OL + °ZET) = £9 
HOTLY *“LON* = NYA 

OF *49° Hd) = oe 


/EBE6E V7 AN Io 
JE0E66 * /ENNOY YL 
NVa hot 1S 


a De valle 

Il XTUINAdd¢ NY TNNOA 3H NYO WASN SNOTLYNDSA SHL *3SOdNN4d NSHLO 
ANY MOS SSATIISN AVIWILNASSS SI LI “S3SSN LI SMSMNSWYNVYd TYNYSLNI 
490M J0 ANON 40OMdH AY 4ASN NOS AIA IOS SLSIXA SANILNON STH 


(SOOHN 4 LUOHNO 
‘AS. 4 SHAS 4 LAW 414 SX 4 4 S44 Saal bf dled Oe alee Nob POM ae 


oO 


= Oooc oc 





-115- 


OO 


O49 


OR? 
OL9 
O99 
O69 
Otro 
OL9 
Ox 
OL9 
009 


“O55 


ORG 
Oe 
OOS 
OGG 
Oa 
OFS 
ee 
Os, 
OOS 
O4t 
CY f3 ty 
OZ’ 
Qe ee 
Kc? ty 


Ove 
Og ty 
Oct 
Ost: 
OOt 
O4°¢ 
One 
O2ZE 


ON AS 


eit 
SAMY 
SAM 
SH 
SAMI 
SAMIT 
SAMU 
Smead 
SAM 
SAA 
SAM 
SAMI 
Set 
SAMI 
SAN 
SAsi] 
SAMI 


CLAIM + LeiTAd) x9 
. (ALON + SLA) x9 


i 


LAW 
ALIWI 


CKKO/SAIWG- = 9 


N+ A + 


od + LHAK(Sda =e) >= 2 Cheat 


MotyA + Sd + Peak Gage? 1) tt = 9 CNY ae 


SWOISKCLATAHO + LAN OIKAL + LAI ToOKL) KAOWY/EMNAON 


CApiest ict 
ALC OUKAL + ALTALIKEO + dLITOIKL + TO)*dOWY/ENAON 


H 


i 


CUE eG Silke a ee UNG ees) 
CMe eR CS ral Si re ae te Cec 
Blt CS he Ve) COs eho) eae) 
Dae S eS rch eet eee 
CU cra aay ent oc) ae 


& 


K 
CT eA K Sic Sie 
v 


Poelk SC ch “eS ee aK Ole Ol ate Gt 


“ OS Conte CS I 7 Sec 


) 


—— 
ae 


iy 


LYUNS 2) 
I 
ANS 


Seo) Cb Ones aed 
Co (NV) eat 
= PoyQno bs eet 
ED CNG sal at 


—~ 
° 


c= Cd 


£= T) 
AOWY 


ALIA LY 


C8? = 9d0 207 Onl a= ae 


CL/SONLI AX 


2) 


C1SaG0 Sd ake = 1) 7 (1S 00S st eG O00C sO Ouse, 


ALUNIKES + ALOAMKES 
CALI + dLUOATK* oS) K* SH 
ALONIK¢eD + dLOAM kx £9 
LAdNIK'S + LAMAN KES 
CLAN + LtdAUK* oS) kK* ec 
LAGNIKGO + LdTAdkoo 


XLANAT + LATVIKYOXTKLAXIN 
MALIA + ALTOIKGIXIKLAXIN 
LANE OOK OI X CDK XULA I 
ALU YI GUI XK XA 


i 


i 


if 


if 


i 


= QVGA 
= ONL 


dLOboW 
ALTE 
LT SHO 
LA tou 
sel Wlerejall 
i dU AHI 


LANA 
ALUN 
td At 
ALGAT 


© 





Soleus: 


tae 
Oeas 


Oa 


OPES 


SAMI] 
SAMI 
OAM 
SAMI 


CLAIOWIKA + LMAWNYDKL/ZETETO* 
CLSLIMHY ~ ALMWII)KL/SAKZETCTO?® 


if 


ING 
NY LAY 


dIOHY 
LITOHMI 





ad 


() Oy a 
Os 

GF 
Og 
Ot C 
GOs 
OGG 
Oita. 
ee 


soe 
Oe 
Gere 
Og 
Oe 
Ol; 
OOG 
Ona 
Or: 
O74 
(VY |. 
Cul 
Ore] 
Ca 
Cirail 
Gad: 
GOt 
C) 
O&O 
O70 
Oo G 
ONO 
OVO 
OO 
Ged 
ulate 


Nelle, 
resp 
iets. 
UO petht 

ee lee] 
Med 
ele te! 
Mee tllt 
LAH 
eet) 
elite 
Peet 
COL AE 
MPT 
Ltt 
(ope th 
Melon! 
tea 
ieee ttl 
POSTE 
Ped TE 
retell 
DT 
eee 3. 
eat 
ele 
Ppl le 
LOM 
ieutect 
MAE 
COD oth | 
POM tH 
MYO 
rete 


PES P DEE 
iP iibaasis 


CHL A 
LY oe Gi LOSSEM HE OHM 219 
CM OSH 

Leo. OW LOSS HUTS OHM 0 
Wasa) S LON 

C&)7 

AO A ORASSM HLTA cl ILLN TD 0 


Cl) Se AN 


Tae et easel eet fe) melt eS Pee) 
Cee Ne Selita ee tlle 118 


eee eae eee tall 

oe “HA 

COT Le MI¥V7 lan 

Gis merce wea nt (A Mel iS) Tai) ai. 
le ecru 
(WIN) SILOM OMe 10 


ST IVE ADE Ee SS) lear) Gy ab EA ee 


“Gel SLT UNS AL USN SUC UM HLT 
SAO I MYA ASSHH 1 JUSS HM A 
HOTU TIOSS LE MOF NOT LOSNMOD 


ie 
Se tele ec ee aM tet eel b ee eee LIEN 2 


A isa) 
AAI AAT Ma SEs Sasa rai] 
eta) ea NCEE 
AV) TAOIST Ss) eee he) fae H) 
(esl Ele ete alec Oe seer HY 


a) 2 INYLSNOO 14 


AAT AMATI “WIM = TAS? 

1) oof UNKUSNOD LY 

AO TART MEL IOP LMG 
AA IVHING OTALOGIS ~ 


TAS O 
a _ leah 
SONS AL A 
ASCE Ace Se Aes Se: 
SUC; ll aleliceateme st Thy ee atl 
Le ale Vee ene Veale ole allehes) 
AV eet sits tlie (aye eit ieee CHed 
Ga a eee Ee 
AOU eh cles lsel se SUL HM) 7 alee J 
eNAATO 
overt SEE OS Tle Se Get eee etsy ca] 


C ALTO MN 
Sele SUT Sete) on eateer (UCC tcl ea lie 
ay oil 


cela Ld eit Ce eas 

CV ees lie reer NS Ie A 

A Sy AE ee ae ee Ce teeter 

SENT Deel GU IN eos elon 

te ONG TS Oe ONE 

eet li SEE C aise Si JS) eee tg el 
SAGO DUM 


MOM ANTI AOMMAS 


eee ae 


Se 


y % 
— 


1 


% 


8 
i ad 


en” 
° 


° 


-n Fey 
war See 


Sa aS 


ud 
«) 
a) 
7) 
2) 


KORO SOCIO IIOR OIE MOR CEN ZZ G6 ESE KK OSE NOT SAIELA KINO SOK OOOO OKA IOK OK 





-118- 


re 
Cie? 
Cisne. 
(} ee 
(VQO 
() oe 
Ot 2 
() {* C) 
(ee 

Ces: 
CHOY 
OAS 
Es, 
OF: 
Oe 
es 
Ot, 


Ott 
Out 
(st ft 
Gee 
dat? 
fy rt 
OG¢ 
Oey 
Ons 


os 


of 
edelts SAXTW SMOLOM AWE MOT MOA SNTILANOM SWS 38S 
Ne 

lett CTISUDK  @ of * POS CTE vb) =SGA3 
ai ut CI OURHLLON SUNY GO TOLON)D °FONS = WMM LON 
Pac leanal , FIOeer 2h aa ney 
ee EOE <oh- )oie= OE EEN 
Hotell HOM *LON* = NYS 
LEO) hel OPT ea ele eared 
LE f eb 
East 7 GOLT** O00 17 SUES iia level 
Patel Leo AVEO 7c elem eo al 
ttt L908 ° Em SOT ® 2ZG- 4096 SE S- /NIAHY 4 OCHA EOI aAHY YL 
Webel 
ee NOTES IIS SHE NE WIS Scale eines 
Wopedd | 
iA , T.LON 4 Was LON © LOPLLON (NOE 4 HoT WITS 7 
Men CANOE if 
re) * LOCH SOMA SAGO 4 AAG «INET SATS 4 THe 41 4 ONMAH SNDIAOMINS 
iia 


eae 


si 


Dh TERIOR OIC COR ACTOR OR OR ICI OR OR OOK OOK CORO OOK COO ORI ORO OO KC ICCK AGO KOK KOOKS 


Wied VA 

eset OLOATOAA NOTE ATWOOD AEY-NOUMEPOOMIAH AQ SOLLMSAOMaA TTWON AT 
Lett -OUDMIRLL SRL Od SNOT TAS SWIX OMA, TIOOMASH 38 NIILMYW as 
leet STO LAW 
tt 

Ra rate SL TAS A fell 

le SO AMTANOSAY SWYSDOMAAS NOTLONG A Ne SANT LOOMS 
ete 

Ct dtethl (i Gee? WOOD 

leeded tt te ee eee SE OS NOD Sb Oe eet S Nal G 
Siete | rele eel tc) ala NGS Ss st UE ey Sg Gab Ace INA) 

VOSA ee ceil. os Loe ee Ret A uel Be. oi 

Gh of 1h SMMYUW IM 
bidet dl 


) 
) 


me Cs ta 


SiO 


meee (5 () 





-119- 


rir] Leb] 
OO LO LAH 
Ol Pibs pel 
OPO LO LAH 
CLOVE el! 
QO fils. tA 


(} > a 


OS 


() - < 
OP? S 


OG 


Ot 
Py ot 
(ene 


peek 
toa 
OG 

CUT: 
OZ >t 
Oe 
One 
Ore 
a 


Ce 


Ole 


Oe 


yal) ? 
oe. és. 
Cae 


Wield] 
bet 
ev eet 
WE 
MYM 
ett 
Hd telf 
fe (ef 
VU of: beet 
lett 
pth 
VE Md TA 
Als 
yaeil 
Neda k | 
Ve ee, 
eta at 
ret ta 
i el | 
ote 
ne 
A ee 
led} h| 
Hedadhe 
ll eatial 
ieee 
ride td | 
Hebe 
bi eetl:| 


OG: ONO ee del 
(i A KS ee cd ee 

ee she rN hee Casto 10G he] eee 

PR Chee = = Ok Ge = ex 

Ch GHEE Gr i ACk Calis Oe, ap 0 EL ce ike 0) ame Geeeene 


NOTA TSOAdWOOD 
SIV Xela! STAHL YOd NOLLYANO. dO ASTIVHENA SL ay io Wo 


KAD MO LMU 7 CXoKiG rel ola ee ACCT Coe tei) ce 
Coll: Gr a ie Gey ee dk ey ey. Ze9e* 4 £2 PTX Seek SCONCE a 
CUA ZL ROL I CRUG eT a eG i) eel 


A? Cidieh Seat ee 


CSUN TCA GC A ICE Te ot ED 7 Ca et ele a 
CO el) Sys 

TIO carats Sly cae 

T Sel St else eee 


it 


ORY Sek 8) AEN Cal SEO ESI Ae tri rel tees 


v 
SALON MI TSO ING 8 ae eC ee ae) 


CLT OO0 Gi eis Gr WElaGe: <x Gln teh alas GM 
C17 OCCU SE te Sclal ar, = ) LX A a ee, 


ij 


eal 


Cee bo I SS S Sle] STSeAP Slain Stu SS ae IN TDS eh ee ete tee 
PO 0 sans ti seti@rst So NGC A DE eye eae) ai 


NYA LAM 

(MAT 4 HOH 
ACCT aD ESPTOUL OTT VE URES 02 CES AS oT Sar LY FIR ae el tem) eT Ua PA ES PP PNG sr OR cg) eG) 
GT hh C Nee 


T 


&} 


=> 


oo oO 


Oo Gc 


to 
— 





~120- 


OC te yt? 
Oger Tip bere 
ie Phi ele 
O48 TUM eth 
Oa elle 
Ole evtecle| 
Ot iste 
Oy alt 
Oe ee anit 
GLE Tips 
GOL TPL 
CO LUA shel 
Oe teal 
OA eet es yea 
Ce tablet | lel 
OF ear 
Oe Pitas IIe 
Osi abl 
Ore (ierelet 
OQbe tty 
GO TOA 
O44). Tat 
Oi b Laat 
(7? oleate tee] let 
OF | 1 aT ae 
OGL Todt 
OV halle a sella 
Oe . TOA 
fleece 

LL ha hele 
ie ol itech 
OL O UME 
ORCL Lege 
CV Core Spl 
OSO LIMA 


SOOT Ne ESS oe 4 


TAG 


Ci 


) 
CT re Nerceoclec slat, TDK CSc mtb) +b °F) 


Pl Sede ihe 


— 


ee a: 1G) ielay teed ee 


Sad AO oh a: 


COHAN {; 
SU) AO i ere OS teh eS cla) Oil ie alee ee) 


INDTINOMNS Yo a AVM AW Sela VATai 7 
AZADI MWB KZB TE TOS = OHM 


SADWY = LAWY CHOY) Al 
JJOWO = LMWY CNY T) AT 


PL Cee Depiom adele tae ee pelet wie 

PN a ater Sitti meel teen 
SND AE US A OEY a SS St Pe ee) See ieee ean art) 
CAI KAAQS fb DOKI VOIMD KEMAOM) = ATMLNS 
Lode Oe cb Tk ob THebk Cee 4+ Sak * hd = AQIWY 


C7 bc CL SOA eK) ) 7 eee 
See LA CU Sele OO ket Salat 9 OOO Cm OOO. jam aaa: 


Ac THING WLOL 


LAS OR Sent AG NOT VEO TNR! A ONC ES iy PS eaten sic tty ema emmy 


eI Or tee) aye talent lal icra) tat 


5 0: 


“> 


COISNGREOIX) 4+ SHOSNa = Oi 


THAK Gels) = E€OOX 

™Q = be 
fo Dereon 
boo = Abies 


Clot THe (Sct e 
IJ 4 THe (GAgK 8 


“et ee 


Cree lemme 

ret ieee lef: red) PRC MAGEE OOO E = SIC Na) aa gee ie] 
Ce lel) Caer 

ted laie C saced 2d ee ese De® ie ate a 

Ce le lheteGeicliclnn © tec Sa Seca ated 

a at ahh eh ON a A NN tcl) 


c 


OT 


«) 


Oe S03 





-121- 


Oe: 
Oat 
(HOW | 
(ey 
GLa 1. 
Get ll 
Ona 
Oni sh 
ee 
ot | 
Owe | 
Oe ol: 
OS tal 
Oct tt 
Otte | 
Oe te” 
Ocal 
Olinda 


ae 


ieee] 
Mette 
MEM lb] 
Me pet hel 
Histol 
We fel le] 
Met 
LOL 
iMell 
Weyet 


Cid elh 
Ue HH 


AS el Fl 


MiMi 
bro pf | 
HLH 
Tee aly 
La iliolial 


|i 4 |. 


20 
ee oe 


SINT LAOS 
DIOL ds 


TN = 
NMOL aM 


AML + ATOHMOKTEM = ATOM 
LD KEM cb OHA EM oe ITOH MIT 
OHNE M + OAD EM = OHM 

ePIC Di ele taiti teh TM = LAASOD 
OLRM 4 SMSO Lit = Sei) 

PE eM) tamer elity : KTM = dTHLNGA 


Di eS Oak ah 
CIOS == 2CORE7 CU Oa ae eee) 


Op etal sa 0 EST 6) 2a OS ee ear Ci scee ele CC TA Le IDOI NGO 


NALA CHSMLON) I 


SUN TA He a tent le 


St WO Ss Sh WES is ete) d ai) OL eli 
SEU NA SERIE tS ME) ssa) tA i) Sade eet 


. 


° e4 
ws ws 


Oe: 





-122- 


OF Ss 
Ore 
Of 
Oi 
Oe 
OOS 
Oe 
ORE 
Cae 
Oe 
Oe 
Oe 
OE eG 
Ou 
Ones 
Oe 
O4T 
Ot 
Oct: 
OF 
Ol; 
Ota 
Oral 
Oe: 
OIE 
OOT 
OS 

O8 

()2 

Oe 

OF, 

Oy 

O& 

Og 

.)]. 


elu lan 
sl einai 


Soe) al 
CUAL GLE XOH «KOWAL ITH LNE TG 4 Wd 4TH SSSNOL 44d) dWAL SNILNOMANS 


CTRL ORCC COOY ORO OOK ORO COOOOO OOOO ORO OOOO OOOO OK OKK 


elie elck 
Suc 
ener: 
eh eve 


eu enn 
Bea, 
oa 
cht. 
teen 
eee ele 
AVL 
eee 
eee 
cL 
tbl SEL 
db DL 
bls 
eels 
cadet, 
cA Sh 
AW ALL 
fll 
ale 
ieee 
hela 
eee 
elttelel 
ener lel 
eh NeGctol: 
lt tL 
cht 


eT KOK MOR KORO OR OR IO OYOK YOR MOR ROOK EK tt L/6E/S 


NOTLYNALTI NOSHAYM-NOLMAN 
SHOHLAW 


TOYdH 
STASINODAY SHYOYOOMATAS NOTLINAA TINY SANILNONANS 


COTE 7 eS AEC DA DUT Ghee ere i teehee st I etc el aes A. 
>OSNNALAY 
ONO SVE NIE is SS soos SON ea) OH hes ag ate este 
SoadIAS 

LAOHLIM SNOTLONSLI SUYNOTIY A0 YSAWMN WOAWIXYW -SLIXYW 
LLNS LING AY NI YOMNYS AAILYISY STVAYMOTIVW WOWIXYW - XYWMS 
CQ7 VIM) SLONTOYd AHL 30 AAT WHING a THING 
SLIANO¢S AHL JO OLTLVYY ON YY IOW = Sy 
Se eee a Ud EU. a) else eee Vasu 
St ONO aA SO OO Set Ne ail Tt 
(MN Sa) HO a SSe et Csi Sliroee 
OWS? S200 OSd She SG) aeiSs 4) ae ori cd 

s>NAATS 

Ho alLINGE ad SO) NOT ee eo 


CS SD XO RIMS A Nea eh Sia Seth labels el eye tie] yale eee) 
Pala 


SHO S Saad a Lito SAY SNe Od ee led 
UNG “SLOOOM a IHL 40 AAIYHINS GiAaAlGadS Nani YO *NOLISHHHOS 
ee ea ee Oe il betes Sell) tht Ie elt Get il gin) aaa 

s Acti 


AWAL ANTINOMNANS 


J 
J 


a) 
we. 


2) 


OOaQvgouvovVdgvuvuvuUoHoOvU COC CoN eute 


KKK OFT NOTSYSAA OOK OOK KOKOK KKK KO) 





Zo = 


INS 
Oe eee NYALAY O¢ 
Of adhe T = Mar 
Cee lel, 
OS AVESLL SAANILNOD OT 
Oeil OG ee) ea le ele Cho/ (CU 10 = 1) Sue al 
Otte AlbSLL Ce Oe eG) 7 GSI eee IE) act eee 
OO aAblett J = ea 
So sli. ( AWOHM MT 4 LOOHMO4 OHM 4 LANS D4 dHNSO4OHY AIS 4 led 4TH 4 LA od OMdH TIVO 
O be eleel: SLIXYWN4AT = IT OF OU 
Oa wall: 
OF ell tel. O = Hol 


QO 





as 


2 OOOO) 
OVW OOOO 
ORC OC00 
CE 0COO0 
DE OOCO0 
00£00000 
OEEO0000 
OBLOQIOO 
COLAO OOOO 
OF CO00000 
OLEOQQ00 
Or COO000 
OL OO000 
OE COQOOO 
OFEOO000 
QOZOOO0OO 
OG LOQQO9 
O8 TOQOOO) 
OLTEO0000 
O07 100009 
OL FQOOO09 
OF ECOODO 
OS EOOCCS 
OO FOQODO 
OT LTOOO09 
QOTOO000 

9460900000 
O8000009 
OZOOO00C 

02000909 

05900000 
OWVOOQOOO 

QEOOQ000 

OC OOOOOO 


07100000 CxO OO OOOO OOOOOR OOK &Z/ETS EE KOK OT NOT SYA OKO OK OK KKK OK 


> SNMOWAM 


odOddN 
STAY TADAM SNYMOOMNAINS NOLLONNA ONY SANILNOMANS 


(M 930) SYNLYYAIWSL NIA - eEminss 
>SNYNLAY 


MOAVA ANA SHL 
JQ OM 9S0-O/190) SIMNSSAMA LNYLSNOD LY LYSH OLaToads - aaa) 


M a £6e LU (CO/71VIM) TENA SHL AQ SNA ONILYSAH Namo See ie 


COWUND) SOYVHO AO SSVH TVLOL ~SSYWHI 
TWANTSAM Si LYHL S9OMVHO SHL =O NOTLOVYA SSYUW Set cl 
CIV MOA PL°2 XOMddY) SOMVHO SHL sO OILYM OLN MYTOW — toa 
TAAA AHL A0 OILYY H8O YYTOW = VA 
TWWAOLSSM AHL JO OLTLYM SONS WAINDA A9"VNaAY — TH. 
© SAQMVHIS VANY NOWWOOD NI NAAIO 


COMNSL NI MOMMA SAILYISN FTYMOTIY WOWIXbW - XV 
OOO AO LYVLS LY (M OSM) SYNALYMAAWSL ALnosay - LON 
OOdIONd AO LYYVLS LY (WLY) JNNSSIMG ALNIOSHY - LONG 
SOFTIONd AO UNS LY (WEY) SMNSSaM4A BLNTOSHY - J 

»>NAATY 


*SYSALAWYNYd JO NOTLAIMOS|3N 


CAVWS 4LONL “LONG 44d) ENHNSL = NdAWSL 
sslovolt 


NOTSSAYdINOD YO 
NOTONGAXS OTAQOMLNSISI NY ONTIMOWMOS SNIONA FONVHO is a ees 


OO. ONT S9MVHD CANMNYNA AO SNNLYMAAWSL SHL JL Ino qV"9 OL 
¢ ISOdYN 


ENHNASL NOTLINAA 


Oca 


Mr SoOoOgOOCOOOUOU CeO COCO OOO 8oeC COC VO 





-125- 


VIZOOOOG 
VG7 00009 
Oe OOO) 
OLZ9 09909 
OF OOOO 
OE OOOO 
0209090 
OS 00000 
OC 200900 
OF POO OOO 
OO 7000 OC 
060909000 
OBNO0900 
0250000 
OOM OO000 
Oe OG 
WESOOOO° 
Dee OOOOO 
Oe DOO OO 
O12 F000 
OOT9O90000 
O4FOOO00 
OBL OOOOO 
OOOO 0 
OFC C000 
OTT 0OO05 
Ote90009 
On WOW OO} 


(Cd Ta) SAY 


ep ontea AG) atte) amen cre) aie tsleel creel 


qOL ISU YO9stOLD 1 ae 


See lees 
1G 


i 


ANOW 
TSU 


iF 


WING Sl ieee) Oe ane 
io eC Wal ea) Seer 


AZ (Saal Seo dhe 


“OT/XYWA = NIWS 

LONL = U10L 

LONA = W104 

C LOM eh net ee NG ore eat 


NUOLAS LON OS = aap 


LONL = &Mdanst 


SINTA MALAWYUNYd BAZLWILINI 


‘AS WVA* = ANOIT 
ANOS IVI Tous 


J/EHAVELEY G7 lv ose es 


‘lst §THd /SA9ONVYHO/S NOWWNOOD 
*1ONA 44d) ENHNSL NOITLONIAS 


aS 


J 
~ 
= 


Pe ea 


0.660000 OOOO OOOO OOOO OOOO OOO OOOO OORICOOOOO OOOO OOOO OOOO ORO KOK 2) 


OTTO O00 
O01 0 200 
OfE900009 
OR ae OOOO 
O SECC OO 


OE EO OOOL 


LY NTLYYW 


BOP San sOD 46 Loe aa ain? 


e MOH L AW 


lermi a OOM 0 


AMIW OL SWATHOYd ANY LNOdSN ¢(T 





-126- 


OF OLOOO0 
Oe EO OD 
O20 FOO00 
OFOTOOOS 
090019000 
96600900 
OBEOQ000 
OL600000 
OFEOGOO9 
OGG00000 
Ol’ EQOO000 
OL GOO090900 
OF 6900000 
OT 4609900 
09609000 
OSE OOQO0 
OBBOIOdOY 
OGUUO9000 
OF OO O00 
ON BOIOQOO 
OF’ BOOOOD 
OO 
OE BOOOOO 
OTBOO009 
OOBIOOIY 
O&LZ00000 
OE 200000 
O72. OOOO) 
OF 200000 
OL OOOOO 
OOO OOO 
OO 200 COO 
On LOOCOO 
01200000 


Ui 


(HA 


) 


fect) 


ee 


4 | 


é 


) 


® 


SH 


and 


AZ DS elSe 


‘MM AGAM 


mM Shon Ae 


INA 


NYA AY 
Oe cS OV 
OPO? 
So’ EKA TAD = ATs 
2d Sao BSN el NS 
Ol? Oty GI CNT Ve ao Ot ely ae 
2 SLAL ASTISNE OL aatVNs One a Sects 
OV OA SC STN eee) 
MAN = HIOL 
MANd = WWd OL 
TOWN 4 Sy aS Sela ee) 
Oc OL OD 
8° Kd TI = dad 
SAG 1WV st = alo 
Of OL. OF (xXUWNs Et Ora aes 
AZISdiLS SJONGHD “39001 COL Ore 
(MAND 7 CUVES b= MeN T SHY Sele 
"a/ (co + FS xa OSaksa ls + Oe eee 
7 Cl Oe co 
Coil 414 X 
SES se elle REE Bape aie Rey TS Gall abel ead 
AIST + W1V0d = MANA 
NGS lh Tl et la ee =e er 
si) Gol Deel oe T9 
Cte ale K 
oO Yi eam SF (Os (m8) C= PS re FT A Pe 75 


o 
. 


o 
s 
r 
» 


oo Ss 


as: 


cc 





-127- 


Oe 0000 
OVE OOOOG 
OOO V00 
O2L00000 
OT OOOO 
09£ 00009 
95200000 
OB COOOOO 
OLE 090000 
OF 200000 
ONG QOQOOO0 
OF’ EOOO00 
OL200000 
OE ZOQOO0 
CEZOOO0O 
OO OO00) 
O&FOQO000 
OB FOQO0OO 
OA TOOOOO 
OF COO 700 
OL FOO0OO0 
Ot TOO000 
EEO OOO 
0c TOQ000 
OT TQQ0090 
COT OOOO 4 iS) 
Jo VO0O00O1) 
OB OQOQ0000 
O2Z000500 
VOODOO 


Ttbvc-£oE LY NTINYW AMIW OL SWHTHOMNY ANY LYOAIN (ze 
ALQHAVYO DINOS 2 NY SNOASYO CHAEN4S 
HLTM ALNTOSHY O = LLY ST ALVIS WALYI AATYHLNA CT 
eSNYVWAY 


CUE =a LvZENYILSGNOD 
A od OL LOSASAY HLIM OHY JO SAILYAINAD WIiMyd -dooOHN 
Cl val oa73)) a NVA SNS 
A? 1 OL LIadS3SyY HLIM OHM 30 SATLYAINADI WILMY4d -1o0HyO 
CI97 9) SLONTOYS AHL AO ALIGNS - OHA 
(7400 ENV SiN Gey 
a OL LOSHIS3AM HLIM SIHLNSA JO SATLYAINSY WIied - Lang) 
C1 Sala 7a) ad INYLSNOOD LY 
A UL LojadSay WLIM AIHINA 30 SALEVAINS® Wiles — aanica 


CI IVOM) XTW AHL 40 AX TYHLNS OITATOSdS -4dTHING 


sONMALAY 
ATW SHL AO OLLYN OFN NYIOW - isd 
OVO WANISSAY FHL JO OLLYYNY HD NYTIOW - TENG 
S¥9 IVNNISSY AHL JO OLLYM SONAWAINGSA - THA 
CM S20) XIW dO SYALYYSAWAL - L 
(WILY) XIbt SO AYNSSAYd Sin t90say - cd 

oN eyes) 


SSYALAWVYGd JO NOTLATNOS3N 


CMOHMO 4LOOHMO *OHY 


“SHASO “A IWLNA “‘NMASSAN 4ISd ‘Tad “THd 41 4d) ECAOMAN WIV] 


veh 
TWWAWTSSY AHL AO OLLYY SONS IWAINYS NAAIO YOs ANNSSANA 


UN AMALOMadWal A0 NOITLONNA ¥Y SY SYO WWNTISSY ONY NIV 4O 


O200C0000 AMALXIW SNONAOSOHOH Y AO ALISNSO ONY AS IYHINS SHL ALY INIA) OL 


OvVOOO00O 


OLO00909 
OcO90000 


GdOYdN ANTI LAOYANS 


= 


J 


mao COCO O COCO fl 


O TOO OOO OA OOOO OO OOOO FP Z/ET/T TE oOKK O° T NOT SAE) OOOO OOOO OOK KOKKK 





-128- 


Re HOIN *LON* = NYA 


06900009 O'T *19° THd = HOIN 
O8FOO0000 0) 
OL OIO0007L@GETO* = “BEEZEVL000 = “eleacdd* I= §*8890E "© @ReaGGe 1 mee ae 
O0P9OO0O00 AZEPLOT SCE S6GEbOO® “SEVLIEL*- “BBLETELO'—- “ZBESBBE'S “GILZE467C'9 2 
OGPQ0Q0000 *GBTEIT Y= “tSeEse9To*—- “Z2Z61T896E° ‘TLOEBTE* ~ “bbOLZTOT’ “B2Z8TS6'9 6 
O¥9000004 26561 LE “GOUZETYOOO’ “6EE9ZL'T— “ZbO0EbS tS “STEBETR'— ‘S40L26°9 8 
OL9OOOOO 44FO080'LZE- “6EFPLEKTOO® “ETOGZT’* T- ‘BOZBTh' E “GTSSEOS'- “EL960B'ZL Z 
OCPOOON00LEGLOL IPOS §COL9L9O00* 4BEB*E “GELT*'TI-— “EBTS9'9T “GOLZEZL eseyv YL 
OT200000 USELESS = «EOUrsal =e OleGcO® “GHAECL = "LOE eet: latin 400 see 
OOFOOQO0O f§SEte GS '- *SZBETOS'- “BOZB9COO'— “bY STEO’— “G6TZLZEBB9* “ZyEage'Z + 
045500000 4HOU9L* “SEBTI9OT® *ZbGIG&1O® “CvVeiBae’— “Tré6étZa7: 1 2oEgege cane 
O8S00000 6rOPes' LE- _ 19629867 * ~ 1O0LEEO" 4LZG"VLZLZNE'- “LE6SLE°T 49G5660'L @ 
OZ500000 4HOEOEI*9OO-— «TOBSELO 484749990" “6009GESG'-— “EBLO9*b’ “¥606ET'9S T 
OPMOOOOO4BTUT* 2h— AZ GBG'- “C9LZEO* “6E0Lb°O- “TESBBO’°E “CLOV4'TIZTY YLY¥l 
ONOOOOD g 
OP SOOO009 THHS OOL YO 9IT COOL SSYNNLYNSINAL OW 14 “ssn 2 
OF SOOO00 AY THIN GANELOTSASSO9O QSLLIA LOSNMNOO SHL LYHL OS SNY 3M BJONYM 
nO SMALG MSN ELL LOHM NI 33S OL MOSHO ONY “SMSLASWYNVA AZIWILINI 9 
OTSO0009 2 
OOr 909009 M‘MBAW IWAN 
O06 00009 CCESTATIYSCTICHY) 4CCT4AEAT IVS CTO TY) SINATIWAINOS 
OB8t—OOOOD (9EVEVY *(9L)ITY NOISNAWIC 
OZ 00000 C9)X 4€84949)Y NOISNSAWNID 
OO tOOOOG NYST‘AHOIM WOIT907 
OSLOO009 CA0OHNO “LUOHMT “OHM “LANSD 
Ott OOO00O9 ‘INGO “<A HINSA “MMASSM “IS4 4150 “THA “1 44d) EdAOMdN SNILNONANS 
OS 0.00.0 COO OOO OOK oO OR OO OOOO OOO OR OR OR OOOO ORO OK OK OOOO OOK OK OR ROK OK KOK KS 
OFtOO000 J) 
OF tOO0OOO CAINO SSISSHdS YOr¥YW) WOON WNINAITVINOS NS0INO ONAZ 
YN0'00000 SITOHLAW 
06200000 
O8SOO0000O SNON ‘$uS0335N SHYNOONAINS NOILLONNA ONY SANTILNONUNS 
OZ£00000 . 
OFLSOOQOOO (I 6££-€ WOON) 


meee OO CO 





-129- 


CO LOCO LAL SC siioee Ho 


OLOTOOO?D ANVMAAY FLYINDW) WNY SNOTLOVMA FIOW OL NOILISO4WOD LYAANOD 
OL0TO09O 
02019000 IGd = (9)X 02 
OTOTOOOO MANLO4d = ()xX 
0GOTO00OO SAMLOAK(D - ('T - IHd) kO°e) = (H)x 
064600000 GSMLIdKD = (£)X 
OB4600006 SAMLOIKCD + (IHAkKSdA - *T)*KO'S) = (E)xX 
024600000. SIMLIdK(O - THAkSHd) = (T)X 
09600000 CSHA TERE) 7 CCUNNVOXVHA TOK Y + YLATXYLA)LNUS + YLaY-) = Q 
08690006 C°T = THs) XTHAKSAaKMK SC = YWHYD 
04600000 CLHAKSHS + (tT ~ THA k*S)KM + CIHAKSHA -* TOKE = YLaa 
02600000 M- O°T = VHATY 
02400000 CCCROBE*HZ 4+ LTO*L-)*kZ + T9L°T-) KZ + LOLS) AXA = M 
OT4E00090 7000 b= Zot 
00600000 
046800009 Of OL OF 
08800009 MANLOd + GAMLOdKCIHd - *T) = (5)x 
02800000 Oe Ci 
09800900 Ms SK 
06200009 GAMLIAKIHAK(SAS - O'T)K'E = (EX 
O200000 GAMLOAKTHAKSAR = (T)X 
O£800000 
02800000 OT OL 09 (HOLM) AI 
04800009 NMJSSM - O'T = MANLOd 
00800000 MMASSN = SHM19d 
06200000 
08200000 N39AXO S1OW/SAIOW NI NOILISOdWOD AHL 139 
02200009 
09400000 eS Ml (00s +i omen 
06200000 | ieee 
Ot 200000 Go= Mal 0009 Lor aime 
0£200000 Seat iGsoor. ° ia ai) aes 
0EL00000 O = MAI 
= $day 


OFLZO0000 COL ELL OK. © Vcc eestulala/mletilatuataly 


So 5 





-130- 


VOR LOOOS 
OG OOO > 
On OOO 
OF OOOO 
OO Coe 
OMS IEONOTO) 0, 
OAS OOOO, 
Oe eC COW, 
Oe OOO} 
Che OO 
J0- LOCOS 
06617909000 
OV EOD 
OEE NOG 1010; 
7c LOOOO 
Dat On OO 
Oba TOOOO 
Oe LO O09 
Coe LOOO) 
Oe OOO 
N9OETIOONO 
OGL TOOOO 
Ooo. 
OA hOe 0 
COO. 
OF OD 
OUT LOOOO 
O£TLTOOOO 
Oc TOaC0 
OTLLOOOO 
OOTTEOOOO 
ODO 10000 
OBOTOOODO 
O ZOMOOOD 
O2 OO.O.0.0 


A/ZOHM 


7 Oe 
LA AKYVYHWKZETE FO * 


NY 1 SoU ese 


Sad Verde (pre al edi IDI ale et) | eee cyte mee? 


CPOXKAIL 

CP) XKHL 

CLO bo 7 Va 6 ei 
ides, ores, 


fy 


AUOH AY 


JIIOHNY 
OHS 


i 


f 


INISA 


Old sy ley oie 


MUHWZ de 
YVAW/ ATHING 


28s o 
tos) Mae 
tae 


ES 7 CaS eee 


CD Pek yO ed eC Se) Ae ee: 
Lot C nt ee A SC ee (p< 0.) 


LS® ¢ 


Cee ls ey etree coke © 77 Cal ee ieee) 7 


) 
+ 


eC re, Ge et a eS Ga ie) Ve) 


a 


oo 


i 


— 
eee 


‘} 


"wOUO Yr 1 


"oO 
oo 
“0 


ATASO 
A THING 


i! 


ff 


AM ENOSEey 


eGo) 


A TIHL NS 


AOL 
bee 


AOL 


HL 


= (— Ov Ol 


ff 


LS 
= LHNSO 
= J4HASO 


= dd TEHLLNGA 


Sa iV AaVNVG NOs SNe Tots 
TALES ONISH) *MaL Tam NDS) Set se eee ees) 


DSNOWL/ (1 Seee Be + * ok + THAKC > “bP SAgk 92) = ioe 


Cee oot Oe Oeste bol ot oS 4 
eee A ON LO LS 


SATOWLZ OFX 


? 


| 


i 


“i 


SA TOWL 
Sa IOWL 


ANNILNOO 


= (()X 
= ([ O£ OU 
OD) ae 


NYA) ddI 


Of 


ees 


co Oo © 





-131- 





~ 


Le 








-132- 


Table 1 


Engine Specifications 


DIMENSIONS* 
bore 
stroke 
connecting rod 


clearance volume 


VALVE TIMINGS 


OPENS 
iber valve HOABIDE (1) 


0 (Z) 


exhaust valve 55 BBDC (1) 


45 2) 


Geese s0, 006 in. valve lift 


So oe ts 
S07 5c an 
On072 5-40 


fe Os ins 


CLOSES 
55 “ABUG eZ) 


45 > 


LOPATECECZ) 


0 (1) 


CA) Valvc face slism witha mead 


x 
defined in Figure ( ) and Appendix B of ( ) 
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Table 2 


ec bron system 


PUMP 
pump: APE - B Bosch 
cam: 6/1 
plunger: /mm. 
meaceron Valye: 20 fine 
NOZZLE 
nozzle: Roosa-Master XNM 1029 
orifice diameter POZ34Ank 
Gmipice L/D eG 
nozzle cracking pressure 2000 


needle lift O20) Marines 


i 
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Table 3 


summary of Instrumentation 





Temperatures 
Peemoratrice Inlet Water Outlet Bearing Oil 
Air Inlet Exhaust Fuel Inlet 
Water Inlet Crankcase Oil Fuel Returns 


fecenumenaé — All Points 
Chromel - Alumel Thermocouple 
Omega DS -— 500 Digital Readout 


Resolution ie 


Pressures 
Method Resolution 

inlet Air Water Manometer melee ate 
Crankcase Vacuum Water Manometer eu “lan 
Oil Pressure Panel Gage ZeESI 
Exhaust Mercury Manometer edn, 
Dynamometer Load Mercury Manometer sata. 
Injection Line Kistler 601 Piezoelectric 

transducer, Kistler 504E J OmEow 


Charge Amplifier 
Combustion Chamber Kistler 609A Piezoelectric 
ireansdicer, Kistler 503) eR one 


Charge Amplifier 
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Table 3 (cont) 


Flow Rates 


Method Resolution 
Air Inlet ASME Square Edged Orifice 
with water manometers U2 05m27 see 
Fuel Laboratory Scale and Timer 0.01 ¢/sec 
Cooling Water Rotameter .2 1lbm/sec 
Position 
Crankangle Trump Ross Rotary Pulse Generator 


720 pulses per revolution 


plus Marker 2 Gh 
Fuel Injector 
Needle Lift AVL NH1 ~ 100 B LDT ecm 
Gas Analysis Cart 
Exhaust 
Hydrocarbons Scott Model 215 FID HC Analyzer 
Nitric Oxides TELCO Model 10 A Chemilumenscent NO Analyzer 
Carbon Dioxide Beckman Model 315A NDIR CO, Analyzer 


Z 
Carbon Monoxide Beckman Model 315A NDIR CO Analyzer 


Oxygen Scott Model 150 Paramagnetic O, Analyzer 


2 


* Accuracy is effectively limited by the system transfer 


function and the 565 oscilloscope. 
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Table 4 


summary of Fuel Properties 


Methanol Iso-Octane 


CH. OH CoH 


3 8°18 
Molecular Wt. S72 114 
H:C Ratio 4:0 225 
Specific Gravity 7/36 moo. 
Boiling Point °F 149 Za 
Lower Heating Value (Btu/1bm) 8580 19080 
beonehrometric F/A Ratio 0.155 0.0665 

FIA - 7 

Aromatics 
Olefins 
Saturates 
Octane No. RON 106 100 


Cetane No. 


Cross-cut 
Distillate 
2) 
ioe Ss 
nod) 
(106-648) 
18038 


O 20672 


Zoo 


O75 


766 


233 
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Table 5 


Engine Operating Conditions for Emission Results 


REM > 2 He fSEe 

1500 Oo? -24 104.7 0.384 
OmeZ > -23 Gare Ueooe 

0.446 -23 Sie O2270 

02278 ~23 DO.G 0.284 

Ono |. -23 Dono JaZos 

Onay 2 -23 Soe 0.249 

0.143 -20 Zara O53o2 

Opie S -23 Tis) 0379 

2000 Omwe2zs -26 eZee OSs) 
Gre 0 -26 JUOho aS, OF 320 

0.475 -26 oie eze? 

0.348 —24 Viera le 0) Mle’ 

Oe216 -23 44.2 OBZ 2> 

OF ero i ~24 Zoe 05362 

2500 Oro 11 -29 13052 0.349 
O65 9 -28 oS 0.349 

0.524 -28 105.4 0.286 

Omo7 2 -28 o2.0 Oe 262 

0.249 ~28 55) 02265 

Or ro5 -28 SOL 0.306 

Orek2 G -28 Ze 0,344 


” =eotane Of injection 


Ignition Always Preceeded by 2 CA® 





RPM 


1500 


2000 


2500 


924 


OZ 


. 600 


-442 


-426 


eeo2 


2a l 


ee 


mo) 


noo 


nodZ 


4/2 


-334 


253 


moO 


.184 


. 000 


FOU 


"609 


546 


OT 


2 


pol Z 


eS 
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Table 5 (con't) 


Cuoss Cute bistillate 


8 
Ss 
-22 
-20 
-20 
ee 
-20 


-19 


-23 


-23 


-23 


-20 


-26 


-26 


Tie 


1 


Oar 


oe 


ioe 


70; 


Das 


41. 


DL 


Li2s 


2 


yer 


$3. 


oa. 


Ske 


34. 


oe 


Lee 


20: 


OSi 


gor 


Co. 


a0. 


Bok 


ee 


ISEC 


0.432 


Gea72 


Gay, 


0.284 


OFZ 70 


Oman 


0.416 


O.372 


0.296 


O7300 


C5200 


0.304 


One 30 


0.439 


0.391 


Om353 


0.324 


O2503 


0.300 


0.314 





RPM 


1500 


2000 


Z500 


./67 
. 636 
486 
394 
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Table 6 


Matrix of Averaged Pressure Crankangle 


Tso-Octane 


RPM Os oa IMEP IMEP oe 8 one oe 
1500 Oey] O57 6 104.7 106.6 -24 a -12 35 
0.46 0.45 oils 2 8253 -23 0 eile Bo 
ecg D226 BOs 6070 =o 8) —12 24 
2000 GE o3 0.83 eee lise 3 -25 Ls -12 28 
0.49 0.48 Cie 88.5 -24 e —9 24 
O= 22 Or22 44.2 44.3 -23 ee a 23 
2500 Gea c 0.81 1S Oe3 122.4 -29 1) Se) 30 
2 Gr >Z 105.4 ooo -28 7 a 30 
25 Oe25 55.4 47.4 -28 —4 =) a 


Subscript Nomenclature 

o = Observed from fuel air flow 

e = Measured from exhaust gas compositian 

M = Dynamometer measurement 

i = Integrated average pressure data 

is = Injection start 

ie = Injection end 
bs = Start of heat release from Log P Log V plots 


be = End of effective heat release from Log P Log plots 
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Table 6 (cont) 
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FIGURE 5 PHOTOGRAPH OF TEST INSTALLATION 
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1, IGNITION DURATION 
FUEL INJECTOR NEEDLE LIFT 
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3, FUEL INJECTION LINE PRESSURE 

4 CYLINDER PRESSURE 

5 .CRANKANGLE INDICATOR, 1/5 ca°® 
6, 185 ca° prpc REFERENCE SIGNAL 
7. BALANCE PRESSURE INDICATOR 


FiG.43-TYPICAL OSCILLOSCOPE TRACE 





LOG PRESSURE (ATM) 


—o= 


MOTORING 1500 RPM 


-|.1 -.9 —.7 -5 -.3 
LOG(VOLUME/VOLUME MAX) 


Fig.14 1500 RPM Motorine Loc.P vs Loe V 





{ 
® 





LOG PRESSURE (ATM ) 


Eos = 


LF 


MOTORING 2000 RPM 





se 
mal) eo mar AS, ae rr 


LOG(VOLUME / VOLUME MAX) 
FiG.415 2000 RPI Motorine Loc P vs Loc V 





LOG PRESSURE (ATM) 


~158-~- 


MOTORING 2500 RPM 





= c 


—I.] -.9 -7 -5 -.3 -.| 
LOG(VOLUME / VOLUME MAX) 


Fie,16 2500 RPM flotorine Loc P vs Loc V 





-159- 


WILSAS NOILISINDDY VL¥g 4O DILVW3HIS Zh ‘914 


nein: 
YALNNO) YOLVYANSQ ASTNd 
fd) asy YSONASNVY | 
JUNSSAYqd YACNITA) \ 
Ol/\t ddd OHO 


HATS T Id NIONGSNVEL WW 
JOUVH) IUNSS3Yd 


NOTLOAN] Tan 


ee eae 





JOVYOLS | 
NSId YalalddwWy 
JOYVH 
Ss 
YT SI IdWy pe 
Y3LNIUYd 
TWNOIS YOLVIIGN] 
141] 37033N 
3d09SO1119S0 i 
Y3S99IYL ILXI INId SIL 
NOILINS] 
9H) 
SHO 
vHI 


£ HO 
Cato 
ulau ta come es - —— ™ . | x enn a ; \\y 





INDICATED MEAN EFFECTIVE PRESSURE - PS! 


I40 


[30 


I20 


110 


lOO 


90 


80 


10 


60 


90 


40 


30 


20 


Fic, 18 


-160- 





ISO-OCTANE 
A 
& 1500 RPM 
@ 2000 RPM 
@ 2500 RPM 
4 6 12 


EQUIVALENCE RATIO 


INDICATED MEAN EFFECTIVE PRESSURE VS 
FaUIVALENCE RATIO, FOR ISO-OCTANE 
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Fig, 20 INDIcaTED SPECIFIC FUEL CONSUMPTION VS 
FaurvALENCE RATIO, FOR ISO-OCTANE 
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Fig, 28 HYDROCARBON EMISSIONS VS EQUIVALENCE 
RaTIO FOR I[SO-OCTANE 





HC EMISSIONS (CgH,4) GR/IHP-HR 


-171- 


lOO-600 D 





A 1500 RPM 
» @ 2000 RPM 
pw 2500 RPM 


EQUIVALENCE RATIO 
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Fic. 32 INDICATED MEAN EFFECTIVE PRESSURE VS 
FQUIVALENCE RATIO FOR METHANOL 





INDICATED SPECIFIC FUEL CONSUMPTION LB/IHP-HR 


-175- 


METHANOL 


@ 
a a 
A!500 RPM 
@ 2000 RPM 
O 2 4 6 8 


EQUIVALENCE RATIO 


FiGg.33 INDICATED SPECIFIC FUEL CONSUMPTION FOR 
METHANOL 





THERMAL & VOLUMETRIC EFFICIENCY “% 


lOO 


80 


60 


40 


20 


-176- 


METHANOL 


2000 
[500 


& 1500 RPM 
@ 2000 RPM 





ne 4 ic 8 
EQUIVALENCE RATIO 


Fic, 34 INDICATED THERMAL AND VOLUMETRIC 
FEFICIENCY VS EQUIVALENCE RATIO FOR 
METHANOL 





OO 


EXHAUST TEMPERATURE °Fx!072 
@)) 


-17/- 


METHANOL 
e 
CA 
e 
ak 
e 
A 
® iN 
A 
® 
A 
e® 
A 
A 
A&A 1500 RPM 
@® 2000 RPM 
2 4 6 8 


EQUIVALENCE RATIO 


Fic, 35 ExHaust TEMPERATURE VS EQUIVALENCE 
RaTIO FOR METHANOL 





CO EMISSIONS GR/IHP-HR 


35 


R1e) 


eS 


20 


-178- 


METHANOL 
a @ 
@ 
A® 
¢ 
> € 
A 
: e A 
= A&A 1500 RPM 
A e A @ 2000 RPM 
A A 
2’ 4 6 8 I. 


EQUIVALENCE RATIO 


Fi¢.36 Carson MonoxIDE EMISSIONS VS FQUIVALENCE 
RATIO FOR METHANOL 





HC EMISSIONS (CeHjq) GR/IHP-HR 


-1/79- 


METHANOL 
A 1500 RPM 
@ 2000 RPM 
A 
A 
A 
€ 
« 
e° 
A 
€ 
e ry 
AA : e® e@ 
he A 
°c 4 56 8 


EQUIVALENCE RATIO 
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Fic. 57 Loc P vs Loc V For 100-600, 
¢ = 9,28, 2500 RPM 
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